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69&£ ielsnlt Jourcis 

TRAVEl TIKES AND STATION CORRECTIONS FOR P-HAVES AT 
TCLESCI jKIC DISTAFICES 

A. H. UlMitiH <D»pjrlittfii of Geologlcil Sciences, 
Henurd ttitveriUy. Cwirldje, ttaMKHwetu OII385, 
ltd D. t. Anderson 

• iI’aHow focus eirthouikes and 

1000 selmlc siitlom have been used | n i study of 
trMl-Utnat an i suHon rtslBoals, including 
■f iruihil effects. The mints were selected from a 
catalog containing 160,000 earthquakes and those 
having uniform distance and aztnithel courage were 
sjUir.atUdiy returned and used to refine P-vive 
treeel Urn end station corrections. Station cor- 
rection! are provided far W4 seismic itatlon*. 

,* correction! involve three terms: the 
static effect, and 1*0 cosine terms ulth appropriate 
jtjjj jenerel consistency over 

???!? »,* r ! 4S " hert “« r «* '» dent*. 

“!*!!' li®! ^"S** Iron one geological pro- 
vince to rattier. The cosine » term appear to be 

vUh^hU P Eir. nin i!“ a ;!‘ 0, ™ w * nd th, z tifrelate 

with tno siren direction in the crust, 

J - ^eepbye. !««., Red, Fapsr jaudc 


4910 Sllialc eourcaa 

Ti>rAi-i»;.jas7 spectra of ronncf large eajtinjuakzs 
v.g. aiton tCoological ft j urch Division. Scrlppe 
Ion Hut Ion of Ocoanagriphy. La Jolla. CA 92093), 

T.l!. Jorrin 

TonI-EOB.nL epee era H r f--| - | |«(u,) | |/.T. uhora 11 u 
tna Euceot-Mra cenour, ere conputed lor 14 liras atrth- 
qualea rscardid by the lateroational Daploynont of 
Aocoleroeatere (IDA) aeivork using the aular-DoMnt 
retrieval wtluxi propoenl by Silver and Jordan C9B2|. 
•ar uach mint we attain aitlnaui of Hp avacaged over 
cue ion dlajiuict. one-ntHIherci <«H*> intervela In tLe 
luw-frequenry bind 1-1 1 nKi, typical IDA ricord sat! 
froa event! viib », ; 0,2 A (I A - IO 1 ’ dyne . n) yield 
standard error, on the l-nBi aver. gee that era gano rally 
line then 202, Our nulclple-baod eetlucee of Ikr am 
ueuelly coneletint vlth coup treble atngU-bind valuea 
found by other Invent tje core, ftM cha toul-eomant 
BBectra we derive the taro-frequency (acetic) nouns 
**r t Hj{0) and the obe reel article source duration 
1. 1 2IVar |f(t)|)’, utters l(t) (a cha else function of 
tha mount -rata toneor, ueuavd to ba the a mg lot ell 
cosponenta. The pi rentier i fl (orally depaeda on tha 
•acund-dagrca tenoral, apatlal, and o|xed ipetlal- 
Unpore t aoaeota nf on aetended twice, but calculation! 
with rat I Uric eourco guwetrlte Indicate that the 
Intecproutlon of r c strictly In tint of tha aacand 
lenpurel aouet loada to vary Ultla arret, A plot nl 
’« • *»1 net Iff itiwa-caMldareMa idattarl tost uvanta 
Uo aigniiicaotly abnva tha tap trice l Kalin, cunt at 
6w,n lWB,J (‘alow aarthquket') and mm 
balbw ( tut firthquekoi'). EXaaplaa of iba former 
Include all 'three deep-form event a mie I vied hara, ae 
wall ae tha 1910 Cdluafcla aid LMT recu-tallvta deep- 
focua aarihquekea, whoa* totel-uaenc eppetra era 
<w* W T ,oa the ■oamt-taiuor bo lull one of GUbar t 


*" "“P 1 * ol tha Utter la the 
55"“* ««HHdake oE faigat t 9 l «1 » M t U), 


vtilch la Inferred to b.ven relatively thellou apatlal 
.qenicnid (1 J D M .nd . qtlrt y (tec n^sni ep^S 
coined to cha upper, 
“5* ‘'‘i 11 ' RoviToo ot tha ecaafttn iutaephoi*. ibrte 
other Urge cetthquake*'- haga (6/Z1/17I Hr - 23 '1 2A). 

■ 21ii J a,#l ' euMMe apaist apectm uhleb 
eltnUioaotly decraa.a. towerdt Mgherlirquwciee, 


- — -a uimr iiMciaclai. 

S r Tt - T ’” * ,,,r,hook * 

ilnuwieS?. dTa'dletrlbntad over 

U^h'w! *“*“ S f d rP ,h »e «"»<»l««t vlth tuptwa 
Into the l war. acre duttUk port Iona of the oceanic 

' *• t*»i cUrwcarUttn 

towree dnnrfpo Mjr fca eeueellj related ’ to tbd^ depth of 
cn-AalHlc tUMurlM ^4iM- utl li.K.T:. .• 01 


8000 Saianla Sou roe a 

SOURCE TIME AND SCALING RELATIONS OP LARGE 
EARTHQUAKES 

Hunoyoebl Furunoto (Daportaont of Earth 
Solanoaa Nagoya Unlvoralty. Chlhuaa. Hogoya 
4Bd, Japan 1 sad Eehlro Nakaniahl 

Souroa Liao la a klnonatlo fault paraaatar 
aorraapoadlng to the duration of aoiaalo aouroa 
L(aa function and la aoourntely dotaralnad from 
phnaaa of long-period surface vavaa, Souroa 
Uaoa era do torn l bed Tor QB grout end Verge 
earthquakes during tho last thrao dsOndsa. 
Scaling relations oaong souroa tlaaa, nalsalo 
Bosants, and fault dlmennionn nro dsrlvod, 
Seismic nomoal ia proportional to bho cube of 
souroa tiae, and fault dimension la 
proportional to aouroa tlaa. Souroa tinea for 
lou-anglo thrust sarlhquakaa along dasp-aaa 
imnnhaa nro found to ho longer than those of 
aueh oilier typan of sorthquaksn aa lnlrSplata 
shanks and dasp abooka. They aro alae 
aignlflcanlly longer than the ruplurs tlaaa 
expaoltd froa ■ Haskall modal, suggesting that 
thsrn ax Is La general ly an inlroduotory stags of 
faulting uhloh prseadsa tha anin stags of tho 
rupture propagation, (aouroa Lima, aoallng 
rotation, aouroa pnramater) 


J. Gtophya. Res., Rad, Paper 2B1B/B 


69)0 lalmic loureia 

P0CAL HECHAR18KS AMD LQCAtlQHS W lAITBCnAKBB U 
TAB TICIHITT or TER 1975 ULAFMA EARTH QUA* £ 
AmkEEOCK ZONE 1970-19791 TMPLICATW88 PM Ttt- 
TODIOB or THE MOTE PlAMt OP KILADEA V0LCAHQ, 
ISLAND OP HAWAII 

H. Croeean (Oiophyalcs Pragma) Dalvsraity of 
HaehLngtnn, Saatcle, Heehlngron 9ZI95), I. 1 , 
Indo |D,I, Beo logical Hurvay, Oaecada Voloano 
Obearvatecy, Vauomac, Uathlogtoa 98661 sod Cen- 
phyelee Program, Pnlvarilty or Vaehtngtoa. Rant- 
tie, Veahingtou 91195) 

the Meveabar 19, 1973. Ralapane aerthqdtka of 
magnltiMa 1,1 on tha inuLh flank of tllauan 7ol- 
uano, Hawaii, rtpraeeuce a major rift teutonic 
•vint. Tha air tbq oaka raanltad fra moyament on 
a nearly boricoutal ftelt piano, vlth the ccmt.l 
block tenth of llln u i| tut gilt nous moving 
■outh-Huchana twaxd up to. eeveral metare. Hall- 
recorded atrehquahe. oil the eourh flank of 
kiliuti fra 1970 tq 1979 vora aaalyiad and fooal 
MCkaoltM dvtinisii to obtain a batttr undar- 
atiading of the detaile of eouth flank tootenlae.. 
TMludrf in I lirgi umber of aartbqunke* fra 
tha aftirthook laqouca of tha 1975 aarthquhe, 
Rypatvnlavk are dlnrlhutai in a eubplepnr gone 
that dipt 2 to 3* to tha wait at ■ dapth of 


^ ia i el1 * * l * d lstttlmtien oeindldee 
wll “.* portion at the illp plana of tha Xalapant 


V, 1, ^ophyt. use., kad.i P.p«, 2 B f Q 59 i • J Hftx 

' . ‘ ' .‘.Af/ji p’ . -vV.",. .. I.-’ ; •lii.i. • v -: ;v (♦ 


•titbqvika ini it eoatlatint with tha notion nf 
the lllp plane occurring |n a weak leyer ’at the 
cop ,of tho old Oceania cruet,, foienl menfaanim 
art Pmurkably content • throughout this tins 
perioi, both balort iid after the 1973 evaht. sad 
oloeely agree vitb the melnthock Mebanlem, p 
ntta eglautba end ellp vector, for the lot'anale 
* r “> tka mtMla and lover. 

of*I ,1 ‘ *•'>•• »* EUagap- There le. auggaetieo 
of rchaoge In cbe ortantatloo 'of P agai from 
pl«*igs at the time of tbg 
kalepeoi earthquake, heb a ohaiga {. ooe.i.twt 
wit* e gasaral radvetleo is the ' bbrUootai . 
cemprqMicnal attaat qermfl to the rift none at. 

W ' l,t ** «!ftbqofke. r»o Other evl- 
1 !^! « **oripatttiS.«f . tha- acraa.^ 

»Ia. '•? »*>«»W^lcts1fUUy 1|(.thlJ 

avaet raqina ip iloobt.^ (Poeal naukalilgS., . 

Quak3) , ‘ ' f? ^" W '- *«>peoa . ahrthv 


(970 Rtrurlure of elm Crust and Upiiur Hontle 
COCOHP AND HIH CONTINENTAL 0KUBT 
Jack Oliver (DupnrUiifiiL of Hen log) uni Sciences, Cctmu 
U nlvcmlcy, Ithaca, NY lAMJ), Produrlck Cook, ene 
lorry Brcvu 

Thli In a apeculutlvu paper nu llio ronlluontsl rne ' 
n mn|nr Frontier nf nudnrn enrtli dclonro, 5el»a1c n ’ 
Dnctlon rmflliiiq Juts rr .01 tlio mc;OHP project. «° - 
plml with ntlior kln.Ii, nf Rnnphynlonl nnd ponlogir*! 
ohiiorvntlniin, nuggmn nnsa fronli piirapvollvee on JJJ 
cnisL. pur nrniBploi tlinro In nvldeiiro for gre»! ■ " ' 

oncen ultliln thn hniienxmL ul n uIiirIo ailo aB, l .. 
CPCORP ulto co anulliur. A ilmpiu laysroi model 1* •*" _ 
ly not nn ndequntn roiirosantiiinn nf tint rnise io** . 
nraas. Thera In, hnwavar, thu pats l log and rslMf 
»n nrciirronea nf limited kfliioa of psrnllol, Ihow 1 
niwnyn flnt, lava rod fanluros nc vnrlou* dopeha 
t*ln parts of tha crust. Are Llin cormspandlng r** 1 * 
MCasailLmaniaryl Ur 1 gnon'inl Or both? Thtra if ; 
tronapnrsnt aonea froa which llccln or on coheren* "■ ! 
flactod asismlc nnorgy la doiactnd, Ars lha w,r *Tij. : 
ponding roaks lniruolonnT Or highly dafetood sec*““ | 
usntnT C«o degrao of dafumiilnn nugsMt 5*eth«r 
warn deformid In tho hanging wall or footveil «? * 
thrustT Then is outdance for lnrgo-Bcale thnud’* 
and related Naturae that naphasliao the great i*f° . 
tones of dm ttilapn cycle to contlnantal lectMitli 
that rainaa ths puaslblllty that wstnr ond rocks « 
■adlnantary orlglii ora crapped deop in the enut 
thrusting process and mmalo thars for IsiR 
with a varlsty at poanlbla rheological end P* 110 * 0 *^. 
conaaqusncan. In aoas plscee tha modern Hoho •« 
Jacsnt rooks asy aor respond to parts of fotaor oeM^ 
or contlnantal margin saotlans dint have haeo «P***^, 
at dapth as a rum It of thrusting- Tha widely *a»®^ 
aapt of tha Kobo aa a consistent boundary eBat 
ihsra similar and that always separata! tha ■«■*** ^ 
of rocks may bo a major barrier to further prtr**. 
understanding ths contlnantal cruse. (OMlcIn«nt*1^j 
cruse, sainalc reflection profiling, C0QDR7 ■ co«“*^ 
tectonics), 

J. Caophys. Res., Red, Paper 281808 


6999 General (Seale logging) 

n situ sTDDizg or velocitt ib nuumiRRD 

UMTALLIHS ROCXg 

h. Hooa (U.B. Ow logical Rurvay, 2« »IL4di««* W - 
Hoed, Kan 10 Park, CA, 9A025 and Stanford 
Dalvaralty), H. D. Zobaok . 

A study ol the efface, or saaroaoopia 
os P- and B-wave vs loo tt lea bu bean conduct* 4 T 
four walla drilled lo gtanltle rook to depth* 
between 0.6 end i.2 km. The a((e«t of oel)ro•» # v , ' : 


freetursa le to decrease beth V. and V. add 
tno reais Vp/V., In well* with a falatl»e»» ' 
1«» daoetty or macroeooptr fracture., tbs u» 


vsloolty t. • taller to that of asturatsd eo.a 
•amplaa under coo fining pressure id the labora- 
tory, and theca te s altar oocratdtioo hdtwaen , 
eooae vtth maoroaaopie (rodtoroa aod andmaloooif . 
low veleolttsi. to walla with numptoua maero- . 
*copto fraaturae, tha io eltu velocity Id 
fhan that ol lotaet aamplfa under praeaur*. 
there la a eorrelatloo batveao tbs rate at union, . 
in situ velocity inorsaeaa vlth depth apd the ■ 
rata at wiiloh tha vsloolty of laboratory **■?]** , 
Ipormetat with proetura. Ml (ef eooae lo id 
D-^ava vslootty between valla eenoot bo idpid*"*! 
solely by differences In the degree of ■eetWW" 
fr.cturlnq, (hue emphaetklhs tbs Isport.aC* • 


tempo. It ion end atcrooraok* os vsloolty, l" *?* 
MghlJ fr. oiored well the lo alto f-wevs We lot Iff 


(d .essentially the some 'for f requeue Ut 
from 10 Ba to JO kR«i' thl* toggeete that the . 
macro fracture, iff *ot velocity similarly pvor d 
bwed fuquenay redg*> Chamleel eUoretid* P* . • . 

wk adid.aot ca UCiauailg, fraardnl .#•*<' *.'* <. 


Tmeh adjdgtnt to mac rofoople franc urea eppa*'* 
play an import CM ml* io radu«las l* ilW'I'fl 

• Syuehatio reflection ..I*«ogr«**. 1 
, Item thd vblo.Uy lope tuggaet that frdaturt fgg h 
• . 'Are one possible edvMa oFdeepioreatsi gotl*»wf. 

. , .obetnted on .etgvlg. re £ lent ton pwllU*. 

•• J; Obophys, Rise,, tad'; Paper 2BIB07 
1 * I '< ■. 1 • ’ •• ■••• . 1 - • 
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Walter B. Langbein: 
1907-1982 



Waiter D. Langbein wns born in Newark. 
New Jersey, on October 17. 1907. and died at 
his home in Arlington, Virginia, uu Decem- 
ber 10. 1982. Fur 33 years lie carried on a 
distinguished career in hydrologic research 
wiiii the U.S. Geological Survey— very much 
in tlie public interest. 

Langbein graduated from Cooper Union in 
1931 with a bachelor’s degree in civil engi- 
neering. While nlieudiiig classes in the eve- 
ning. he worked ior the Rusoir Constr uction 
Company, beginning as a rod man on a .sur- 
veying team. At that time the company was 
engaged by the city of New York in enlarge 
die subway along 8th Avenue. Dei ween ll’Sid 
Street and 124th Street, excavation was sus- 
pended a siiorl time after it was begun be- 
cause difficulties were encountered in lower- 
ing the groundwater levels witli pumps. As 
the junior member of the engineering stall', 
Langbein was given the task nf measuring 
and recording ihc disunite of the water level 


below a reference mark— a (ask he later re- 
called as being his ’iniroiluclinn’ to hydrolo- 
gy- 

In 1935, Langbein left the Knsoff Con- 
struction Company to lake a position with 
USGS in Albany, New York. He had enjoyed 
his work with RasofT and fell lie had learned 
much, although lie nevei understood why 
Arthur H. Diamunt, vice-president of the 
company, kepi urging him to learn ahum 
'least squares' — especially since none of the 
work called for such knowledge. 

He began his hydrologic career in the then- 
traditional manner: by stream gaging and 
making slope-area measurements of Houds. 
The professional nuiiospliere of the work in 
Albany made a lasting impression on Lang- 
bein: There was no lime clock to punch, at- 
tention was paid u> details, responsibilities 
were delegated, and one was encouraged to 
learn. Throughout his career, Langbein 
sought to provide ibis atmosphere for others. 

It was die hydrology of floods and their so- 
cial imparts thaL attracted Langbein’s scien- 
tific attention. He wrote extensively on the 
subject, particularly after lie transferred to 
Washington, D C. in 1939. His technical pn- 
peis, as well as those written for a more gen- 
eral audience, on the pro! labilities nf floods 
and the relation of ilmsc probabilities to so- 
cial risks within the flood plains, and bis 
bunk, Fimts, coamhoied with W. G. Hoyt, di- 
rectly contributed io the development nf a 
Tcderal position oil flood insuiance. That po- 
sition was implemented by the 1968 National 
Flood Insurance Act (P.L. 90-448: August I, 
i 968), 

During the late IfMO's and early 1 950’*. 
Langbein was closely associated with the Soil 
and Moisture O interval itm Program oi the 
interior Department. He was particularly in- 
terested in the effects nf grazing and land 
treatment on soil moisture and runoff. While 
associated with that program, he devised a 
‘tipping-bucket' rain gage recorder before re- 
cording lain gages became available. It was 
during this time that he also became interest- 
ed. through Earl Harlicck. in measuring 
eta | jura tie in and transpiration. 


Langbein recognized that the runoff from 
drainage !>asms and the drawdown of aqui- 
fers could not he explained su icily in terms 
of climatic factors: an account of land use was 
no less important. To provide a rational basis 
for quantitatively accounting for land use, he 
collaborated with Lima B. Leopold in study- 
ing (be carrying capacities of drainage basins 
in terms of ihcir geomorphologic features. 
Together, they gave the first statistical expla- 
nations of R. E. Hnrinn’s ‘laws' of stream or- 
ders and of the meandering of rivers. What- 
ever else might be said abnut this work (car- 
ried out in the early 1 980's), it gave meaning 
io hydrology on a large regional and tempo- 
ral scale. A closer look at this work would do 
much in further dispell the notion that 'each 
river is a law unto itself,* a notion that can be 
traced in the hydrologic literature back to the 
turn or the century. 

From the lime he recorded his first 'hydro- 
logic' measurements while working on the 
construction of the New York City subway 
system, he never lost interest in matters per- 
taining to the collection of hydrologic data. 

In fact, his interest in data collection in- 
creased as a younger generation was intro- 
duced to hydrology ihrmigh computer simu- 
lation rather than through the gaging of 
stre.umaud wells. He did not question the 
merit of this newer introduction, but lie was 
concerned that ihc quality ol ihe data imt de- 
teriorate. 

Mis book. Water Facts for the Nation's Future, 
coauthored with W. G. Hoyt in 1959, drew 
attention to how important systematic collec- 
tion ur data is to development of water le- 
sourcc systems. The book was the motivation 
for a comprehensive approach in dala collec- 
tion. now generally referred to as network 
design, in explicit terms of die eo mum it 
worth of data. Following the Ottawa meciing 
of die International Association »f Hydrolog- 
ic Sciences in i960, network design became 
of prime interest in hydrolugic research in 
addressing questions about die relative im- 
portance of parameter estimation and choice 
oi model in describing the stoclmiic pru| jer- 
ries ol hydrologic processes. 


Together with Luna B. Leopold and Ray 
Nace, he was instrumental in laying (he fotin- . 
elation for the International Hydrologic Dec- 
ade (1965-1975). His active participation did 
much to assure the success of the 'program' 
in furthering international exchange in hy- 
drologic research, in promoting a more struc- 
tured approach to naumix! data colled ton 
programs through netwurk design, and in 
providing a more comprehensive description 
of the global water balance. 

In recognition of his scientific contributions 
iic was the recipient of many awards, among 
them (he Bowie Medal (1969) and the Hor- 
ton Medal (1976} from the American Geo- 
physical Union, the J. C. Stevens Award 
(1963, with Thomas Maddock, Jr.) from the 
American Society of Civil Engineers, the Dis- 
tinguished Service Award (1S59) from the 
Department of the Interior, and the Warren 
Prize (1976) from the National Academy of 
Sciences. A year after he retired in 1 96 9, ‘he 
was elected a member of the Academy. And 
in November 1982, he and Professor Korzum 
of the Soviet Union were ihe corecipicnts of 
the International Prize in Hydroiugy for 
1982, awarded by the International Associa- 
tion of Hydrological Sciences. 

Many of us have lost a friend and col- 
league, one who sn often and willingly gave 
us his technical help and wise counsel. He 
learned and then taugln us much about 'least 
squares.' We will miss him. Younger genet a- 
tions wiil make his acquaintance, for his place 
in the annals of hydrology » secure. 

in his honor, a memorial fund lor the 
study uf water rcsoui cl-.s has been established 
a( Camper Union. 


This obituary was written by Nick Mn talus, a hy- 
drologist in die Water Restmi res iJieisinn of thr 
U.S. Geological .Sum'V in Reston. \'a. He wishes 
to ex fuss his apfirrnitnni for mateinil on Long- 
hem's early walk which was provuletl b\ Ua\c 
Langbein a ml Charles C. AlcDnnaltf. (Rhotoguiph 
courtesy of the U.S. (leologital Stnvey.) 


Wet December for 
Nation’s Streams 

Much of the nation experienced a very wet 
Divt-iiil •(.'!. wlilt i.tr; ..l' ilit ki-\ gaging 
stations in parts of 23 states reporting flows 
within I lie highest 25% uf record, and record 
high December flows were set on key index 
stations in at least 14 stales, according to the 
U.S. Geological Survey. 

As a further imliciitiim of the wet Decem- 
ber conditions, USGS hydrologists said that 
the combined How of the nation's 'Big Five’ 
rivers (Mississippi, St. Lawrence, Columbia, 
Ohio, and Missouri), which was boosted by 
runoff from raiu-swoUcii streams, ended the 
year on a wet note, averaging 1203 billion 
gallons a day (bgd) din ing December, almost 
twice the average For the mouth and the sev- 
enth straight month that flows have been 
above average. 

The intense flooding that affected much of 
iltc Mississippi and Missouri river basins 
boosted streamdow on those rivers to their 
highest December flows in 55 years of record. 
Flow of the Missouri River at Hermann, Mo., 
averaged 1 17 bgd, 347% above average for 
December. On the Mississippi River nenr 
Vicksburg, Miss., December flow averaged 
741 bgd, 142% above average, 

In die areas heaviest lilt by the flooding, 
stream flow runoff at many sites set new rec- 
ord highs and the recurrence huervals of 
flooding in parts of Arkansas, Illinois, Louisi- 
ana, and Missouri exceeded 100 years. This 
means that on the long-term average, a flood 
of this magnitude is not expected to occur 
more than once in 100 years. 

Indicative of the record-high December 
discharge in the Midwest was the flow of die 
Mississippi River at Keokuk, Iowa, which av- 
eraged 81.2 bgd during December, the high- 
est December average flow in more than 1 00 
years of continuous records at that site. 

In contrast to the many record high 
streamflows, key index gaging stations in 
parts of Kansas, Texas, South Carolina, Wis- 
consin, and a large area of southeastern New 


■mRAUFtaw dujuno Dtcnasu 
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York rejHiiti'i! wcll-helnw axiiagc sire.im- 
II. nv — within the In west 25 1 .; uf reetd. Also 
in the East, si ream I low i.undiiimis in ihc Del- 
aware Rivei basin remain extremely low and 
drought emergency measures are continuing. 
Reservoir levels in the basin are still only 
about d'.C.r oi ihcii lull caput U). 

Swiss NSF 
Fellowships 

The Swiss National Science Foundation 
(SNSFl annually awards a few international 
postdoctoral fellowships for American scien- 
tism involved in earth, astronomical, at mo- 
spheric. mathematical, physical, or engineer- 
ing sciences to work in Switzerland. Recipi- 
ents must i>c under 36 years of age at the 
beginning of the fellowship tenure. 

Applications for fellowships that begin be- 
tween September l, 11183, and April 1, 1984, 
must be completed and returned to the U.S. 
National Science Foundation (NSF) by Febru- 
ary 28, 1983. NSF will then transmit the ap- 
plications to the Swiss National Science Foun- 
dation. Awards usually are announced by 
SNSF in July. 

For application forms and additional infor- 
mation, contact Warren Thompson, Division 
of international Programs, National Science 
Foundation, 1800 G Street, N.W., Washing- 
ton. DC 20550 (telephone: 202-357-9700). 

Subject to availability of funds, a few fel- 
lowships will also be awarded for tenure be- 
ginning between September 1, 1984, and 
April I, 1985. Selection procedures are likely 
to change, however. Interested persons 
should contact NSF. Applications for these 
fellowships will be due at NSF by October 3, 
1983. 
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Poster sessions, a growing part nf 
the AGU meetings, are an attrac- 
tive way for scientists to display 
their work, 
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Radio Science 
Special Issue 

A special issue of Radio Science will focus on 
the topic 'Emissions from particle beams in 
space.' The scope of the issue will include 
emissions resulting from both natural and ar- 
tificial particle beams. Thus topics trill in- 
clude most emissions from planetary magne- 
tospheres as well as from controlled space- 
borne experiments such as those performed 
on the STS-S shuttle mission- 
• The deadline for receipt of papers is \ 
March 1, 1983-’' 

Submit papers to Erwin Schmerling, Guest , 
Editor, STAR Labofatofy/SJEL, Department of 
Electrical EngJnedririgrSpmford Universlly, 
Stanford, CA 94303. 


There were mare than 2400 papers pre- 
sented, with more than 3250 attendees regis- 
tered at the 1982 Fall Meeting in San Francis- 
co. This was the largest AGU meeting ever. 
Changes to the program and additional, late 
and revised abstracts are printed below. 

Papers Not Presented 

Al 1 A- 14, R. L, Gardner et al.; A 1 1 A- 15, 

J. W. Erler et al.; A3 IA-01, W. H. Pollock el 
al.; G32A-0Q, P. F; MacDoran; G32A-I1, F. 
Mulargia et al.*, GP82A-02i B. G. Thompson; 

• CP82A-.04, J. Helgason; H ISA-03, L. Duck- . 
stein; H21A-I7, D. R. Wiesnei el al.; H3IA- 
03, D.H, Burn; H41B-04, D;C. Wilkin; 
.H51A-05, G. Padmanabhsn; H5 1 A-09, K. L. 
Verdin. • 

: LOllA-13, G. T. Taylor; LOI IB-OS; D. W. 
KrCmpin; LO 1164)8, ' W. G- .Harrison: 
LOI2B-10, J: M. Morrell el al.; L021A-12,, 

A. V. Mendez; LO31B-02j D. Dbggei.LOSlB- 
14,1. R. Robertson; LO31C-02, D. Waslen-, 

. qhiik and R; Zajac; LO31C-03, M. G. New- 
man et al.j LO3JCL09,. A. W. Herman; 


LOS1G-1Q, P. R. tiflberstroh and S. L Ah- . 
med; LOS1C-J2, N- Tl.Sterman and'B. B. , 
Prezelin; L03IC-I3, R. R. Cohen; LO$lC-17, 
;H. A; Vanderploegj LOSlC-22, G. L. Tpgh- . 
bbn; LO42A-09, W. K. W.. Li; L052A-J2, 


A. W. Groeger et al.; L052A-1 1, R. L. Whit- 
man; LOA2A-12, A. W. Groeger. 

O11C-02, N. E. Hunng cinl; OltC-lS, F. 
Gqttzalez; Q 11C-I4, M. R. Mnlhcrn; O ISA- 
09, P. Ripai OI2C-02, R. W. MacDonald; 
OJ2D-08, D. Nof; 012D-14, P. F. Spain; 
012D-I5, H. Bryden; 012D-21, A. D. Kit^ 
wan et al.; 021A-08, C. Paola; O21C-04, 

R. H. Fillon; 021 D- 10, L. Mnganrd et al.; ; 
021 E-OS, W. G. Graustemj O22B-0G , J-Y 1 
Zhou; O22C-05, M. A. Kaminsky; O22D-05, 

E. J. Lind strom; 022D-I2, R. G. Peterson; 
032C-I1, F. S. Hotchkiss; 032C-16. C. San- . 
Celia; 032C-I9, J, C, Patterson et al.; 04 IB- 
07, C. S. Nelson; 04 IB- 10, R; Iturrlaga et al.; 
041B-M. J.J: Simpson; 04111-15, R. C. Dug- 
dale and J.J. Macljaac; O51C-30, J. Candela; 
O&2B-06, S. Honjo; O12D-05, E. A. Kelley. 

P3IA-10, A. 1. 1. Stewart; *6 1 A-6, F. C. 
Michel; ’S3 2-01,' J. Cipar and G. Market; 
S52A-04, D. R. Hutchinson; S62A-09, K. But-. 
. ter;:s?2-I ; J , J» A.Canus; SB IB-09, P. Scoil;. 
S82A-03. J. R, Bowman; .S82fi-0S, R. A, Davis 
and F. j. Mauk; SA12A-02, A. Dasgupta; • , 
SA21A-02, L. M. Duncan; SM12A-13, K: . 
Bruning; SM12B*0B,.K. Wilhelm; SM32B-15, 
M. El-Raey; SM41A-02/S. Messick; SM41A- 
09, H. A. Gareia; SM5J-07, H.M. Chang;- 
SS4 1 A-09, H. H. Sargent IU.., 

.Meetings; (cirnC-op pjt) 
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The Manganese 
Nodule Program 

Michael L. Render 

Introduction 

I he Manganese Nodule I'mizniin 
(MANOP) Ik H j„, in 1077 with funding from 
tlif liitcrnuiioiuil Decade of Ocean fofnlnnt- 
ll,,n (UK)!.). It replaced .in earlier IDOt 
pK'gram dial wa , s ,aned in 1972 in part by 
Man rue Ewing. MANOPs view is that Hie 
coinpiMiimn and occurrence of nodules can 
lie best imrlci stood in the context of the In roe 

m TJaZ'" ! IC n rni " rj,e of organic matter 
10 (he deep -sen fhxir ami die variable sedi- 

IWpJ? llc,,,i ’ ,r y m;«licir environment. 

\1\mm ’■ n r " ,n . ,he !,e S ,M,,in K "inch of 
MANOP s edcin has been directed toward 

tiiidnsianduig i| ie cycling ol the biuliwkally 
active eleitiuus c,,. C, nutrients, an.hracc 

Ins ituTfh , K ' Lq ' SCi,: hl futl - »M« aspect 

l , 1 '. 11 , " IB . fl .J» r, mm y goal or «,„r work. 

and I > ,,, ‘ l,l B a,| ese nodules 
and aln ssal geochemistry at five varied Nrmli 
Pacilic sites (Figure I). The sites, in order of 

decreasing bnlwtc.il produilivity i n surface 

iti'lbr PiM- S | l,r «' " ^intent site 

!’ 1 1 ^pfn-lJhsin: ore Af. 3 nifi.illfleiTois 
ednneni she onMlin,noO y C aF5ia^4^nf ~ 

r VcairJ" M,e Qf ,hc Eajl Pacir,c Rise ; s«e 
T a “karcous ooze sue at PN, underneath 

the equatorial upwelltiig zone; site S. a sili- 
ceous ooze sue that is nearly a site or 11011 - 

n3H*3 ,0,l? Wl, i a in lhickca P ofQuater- 
• l ‘ ,n,mos,,,ca,e 5edinic "l overlying Mio- 
cene sdiceotw oo.es; and site R. a red civ lire 
nonh of Hawaii. Manganese nodules are 
present on thescafloor a, Slles H . S. a „d R 
The scope of MANOP is shown in the car- 
toon in Figure 2. The effort devote!! to „n 

cl lid e s ' Hp p i* ^ ^ ,ing " r bioaclive elements in- 
%p J, de 'ermining the paniculate flux to the 
seafloor, the benthic flux of dissolved chemi 
Ob acros, the stdinten, -water interface 

trap arrays at each of the MANOP site* Th„ 
arrays are deployed for a vear ^t r - 
monthly samples are collected from OL *!! * n ’ 

SJn* S - "* D) ; niand is analyzing C. 

i n 1 ra p"sr, m ples° U^sToore * 15 anatyz^ ngX^c 
nes radioisotopes 10 study trapping eflutenw 

SKan=ws;irs^ 


raphy and distributions of trace metals at our 
sites. S. Emerson (University of Washington), 
and M. Bender and D. Heggie (University of 
Rhode Island) are studying pore water chem- 
istry to understand the rates and mechanisms 
of organic matter oxidation on the seafloor 
and the compositions of pore fluids from 
Bs which nodule bottoms may grow. The rates 
^ of sediment accumulation at each site are be- 
ing determined by T.-L. Ku (University 0 r 
Southern California) and D. Kadko (U.S.G.S., 
Menlo Park) using U-scries dating. Rates of 
sediment bioturbation are being estimated by 
Ku and Kadko using Pb 210 and by K. Cocli- 
bo- ran (Woods Hole Oceanographic Institution) 
using Th 2 * and Pu. 

Detailed studies of the marine geology are 
[«- being done at each of the sites. Each site lias 
’ surveyed by Deep Tow (F. Spiess and P. 

Lonsdale. Scripps) for detailed bathymetry, 

_ bottom photography, bottom reflectance, and 
subbottom reflectors. The bottom reflectance 
studies, done with side-scan sonar, are partic- 
ularly interesting, as they give a qualitative 
picture of nodule abundance variations on 
the seafloor. At sites S and H, W. Gardner 
and L. Sullivan (Lamoni) have taken bottom 
photographs over a year-long period. At H. 
we photographed and sun-eyed the seafloor 
w || h in 1981. At all sites, R. Heath and 
M. Lyle (Oregon State University) Jmve ex- 
tensively studied the major and trace element 
composition of the sediments. 

Studies of manganese nodules are aimed at 
understanding their growth rates and metal 
geochemistries. Dymond has studied the com- 
positions of whole nodules rs well as scran- 
mgs from tops and bottoms. P. Buseck and S. 
Turner (Arizona State University) are col- 
laboratmg with MANOP. doing TEM studies 
of the crystallography of nodule minerals. 

Moore (University of South Carolina) and Ku 
bate made detailed studies of the uptake of 
L'-scnes radioisotopes by nodules from sea- 
water, pore water. and sediments. The most 
extensive effort has gone intu determining 
growth rates of manganese nodules by Tb 230 

!er h?r , J hlin r B ; , " d B <=' 0 da.ing (lh C l,t- 
}? b> r :’ L - *Y‘ ° r l,le University of Southern 

University) I,,d NelS ° n ° F Simon Frase1 ' 

- 'H* MANOP Bottom Lander, our largest 
Jingle effort, is being constructed by R. Weiss 
(Scnppj) to carry out in situ seafloor experi- 
mems bearing 0.1 many of ,I, e a ) J(>Ve Jr ^ 

i rr f"v*hlcle wTOftree'Boi ( 

orTeveid m C T^ ° r SCaflGC,r de pl°vniems , 

ol several months duration, during which 

time nucroprocessor-controlled experiments ! 

may be run. During the deployments, turbu- i 

" ,thm lh r 10X65 15 main, ained by circu- 
atmg pumps or a new design, which have s 

' .?' b P ? W ? r rw l ,,lre ments. The water , 

Hm« n A Ca<:h Ch u mber can be sam pled up to 20 a 

“ n8 r lhe C ° UrSe ° f lhe “P^iments l 

t the end of an experiment, scoops under « 

Iriev^i!” C ° SC and C ° res are ,hereb >- 5 

Two inaugural experiments are planned 1 

for the Lander: benthic flttx measurement 'l 

bemhl n raCer U P take «P'rimenis. 1„ ,he ? 
enu h r n fr X BX P enmen ^. fluxes of 0 2 . nulri- i 

, r K'r a or “ h ^ SSSsrL 


MANOP Site H Results: Deep 
Water Cycling of Bioactive 
Elements 


1 • ‘U 


wmmm as 

V\KU<-V; , 'MV 

toil? 



Rather than try to cover our cnliie elfin 1 , 
this report will focus on the work at site II. 
MANOP’s most studied station. A brief ioiii- 
e- parison or results at other sites will follow. 

This discussion of site II will stun where 
S., MANOP started, with the Deep Tow wm k 
(Figure 3). Tltc bottom slmal.s I mm .1 ih-pth 
iy of 3650 111 in the south to 357ii tn in the 

north. The generally smnnth rise is inlet 1 him- 
) ed by a series of holes up to about 125 ui 

deep near the center of the survey area. Nml- 
e tile cover, based on Deep Tow photographs, 
s decreases from about I2S of the seallom- in 
P- the south to 3-4% in the north. This smooth 
decrease is punctuated by the bare patches, 
d remarkable areas up to 500 m wide Horn 
“ wl | ic h manganese nodules arc absent. The 
:- existence of these features was detected by 
the contrast between the intensity or side scan 
sonar reflections from nodule covered sea- 
floor and bare patches; it has been continued 
by Deep Tow photography and DSRV Alvin 
observations. The bare patches lie in the cen- 
lerof 2-3 m depressions but are not clearly 
distinguished from nodule-covcred sediment 
by either sediment chemistry or pore water 
t composition. At this point the origin of bare 
patches remains an important mystery, 
t MANOP site H underlies highly productive 
surface waters; therefore, we were not sur- 
prised when our Alvin work revealed that site 
H is an area of intense benthic biological ac- 
tivity. Anemones, brittle stars, shrimp, Imlo- 
uiurians, ecliinoderms. and other animals arc 
common on the seafloor. The site is criss- 
crossed with tracks, and more extensive de- 
posits of disturbed sediment are common 
These include sediment mounds, ■deltas/ ’ami 
the fairy rings-moats abn,u 0.5 111 in diame- 
ter. with nodules in moats showing clear evi- 
dence nf movement by organisms. 

There is sume evidence that this high or- 
game matter flux drives rapid bimurbaiion .,1 
Hioiurbation rates nf 

000 cm 2 /I0 J yr (15-30 times typical pelagic 
values) wete measured in one cure by Huh 
and ku from Th 230 , Pa 331 , and Pb 2, ° disiribii- 

S 0,1 the oll,er ha,1<1 ' »> stnotlier core. 

Pb gave a rate of 30 cm 2 / 10* yr [AW*,., 

— *1; as 1 ™ S modeling by Healii ,Jip ,]k 

« ofSom, pha * diagenctt'c maiiganMc 

s P olved \ ln ,| VhlC1 r ,Qdeli,, 8 trillls P°rt r.niLs- 
solved M 11 through pore waters is balanced 

a^inst transport of solid phase diagene.ic 

sea^rS ?" S ? I ! 0, W ,nic mnilcr l'» tile 
reR^ in d „ m u ,n « ,n, ° ,hc aliments is 

aTs^e H Por C * OX 'f !IWC W,lcr d «.Mi«iT 

nni H ' ^ ■ wa,cr c,ie mistry may be best 

«n"r l °° d T ler . n,s ° r «lu? sequence ol dia- 
geneitc reactions 111 sedimeiiis (Table I) 

whtch | las been shown by MANOP and (Hli- 

19 7 m ^i"'? rnl,OWcfl {Froelirb *> nl ~ 
cl,Jmi, W h lI . lcrcas,,, K tlc|j!li, |xire water 
chetmsiry is characterized by n NO, ' i iKIW 

wtkliiiitin of nt - 

gaiuc N). a N0 3 decrease (reflect ing N<)» 
eduction), a Mn ++ increase (reileciinir M n o 
guetton), an Fc~ 

NH inrr “TV" ■ " ‘ ,CC ™ ™ 

NH 3 mcrease (reflecting SO, reduction). Two 

ther reactions are also occurring: MiT* 

and Fe* , C l b) ' 9f. wl,Ere H g«. to zcm. 

Mnn Wh ■ h* oxld,zetl b >' ° 2 . NOj", or 
MnOj where it goes to zero. 

. In Slle H P°re waters (Figure 4), the NO,~ 
ncrease. and O, consumptron. are complete 

! 

Rates or organic carbon oxidation in these ! 
reactions, calculated From diffusion t eaction 

S S ’T£ 1Ven ' n lhe follQ wing table 

SfSSzasa- 

Mffssassjsp- 
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/’iff 2. MANt )l a i.iitiinn, showing nniitti 
piTSiiuiiel and llirii mil’s. J 

I SITE H 1 
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/■ig. Bathyiiieiry and niring lucationsn 
MANt )p site 1|. Nodule cover ini reaves frnm 
-4';;. ill the 11,11 III to - 12'.; in lhe smith. The 
cross-halt bed aicas ate free of nodules. Box- 
es and circles tepiesent iming sites. 
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/'iff. ■/. Pole water 1 liemistt y at site H. 

I he 1 1 uinges <m Hi ring with depth reflect lit 
sei|iieniial lead ions cmi linctl in Table I. 

•iIhhii 2% of the orgniiii caihon reaching di< 
seafloor is liuiied to at least the depth »r tire 
core hotioinh (— -|(| em). Similnr atiiouiiis of 
orgatiie eat lion at e oxidized by N<V mid 
MiiOj. NO, anil Mii () 2 oxitlal ion rales vary 
by alxmt a I actor of 2 thnnighmtt the site, 
lhe resit lis show dim nearly all the organic 
nitiiii'f icueliing the sealloor is uxldizetl by 
Mj. 1 he other oxidants, while not lni|iniuuu 
in regenei aiiiig organle C, uiniethelcss arc 
cnieiitl in mediating the amount of organic C 
(and nutrients) ultimately removed from the 
system by burial. 

ooRhl be expected, diitgcnelic Mn renH> 
bilizalioti has a major influence nil the distri- 
bution or sediiiteiiiai-y manga nese (Figure 51- 
All cores have a sut ficial Mn rich zone 10-20 
cm tluck, with solid phase Mn concentrations 
reaching 6%. Such a Mil-rich zone forms 
when Mn ++ released to pore waters by dia- 
genesis diffuses into the sedimentary mixed- 
layer, is oxidatively precipitated, and is redi* 
tributed by bioturbation. It is noteworthy th 81 
the maximum in the solid phase Mn concen- 
tration is sometimes well above the depth 
where pore water Mn ++ goes to zero. This. 


product or the organic C concentra- r ! F ° rc waicr Wn B" 8 10 zer0 ‘ 1 ''' 

the sedimentation rate. At site H feature suggests that some of the solid ph 

' '***) profiles are not steady state features, I 

relict from a time when me site was more 
Organic Carbon Balance at MANOP os., u duc ' n 8 and Mn ++ oxidation occuned dos 
hlte H to the interface. 

Primary production 1900 w 

Flux to the seafloor 12 MANOP Site H Results: Nodule 

Oxidized by no 3 - °i og^ difrerence) Com P°sition S and Growth Rates 

^ M ,*jP 2 ° ± and Ku have succeeded in radiomi 

Urled belQW 40 cm 0.S cally dating one site H nodule, measuring 

Units- iimn! rm-i IT 8r°wih rate oF 50 mm/m.y. for the top atr 

F-mol era yr 60 mm/m.y. r or ih c lwll0 ' 1 . The age %r ! 

nodule with a diameter of 8 cm would thu 
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Fig. 5. Pore water [Mn ++ ] (gM/kgj and 
solid phase [Mn] (weight ft) in three cores 
from MANOP site H. These data record re- 
duction of MnOi at depth and upward diffu- 
sive transport of dissolved manganese, fol- 
lowed by precipitation at 10-15 cin depth 
and mixing to the surface by bioturbation. 

SITE H DHOLE MODULES 




Fig. 6. Scatter plots nf the composition of 
whole nodules at MANOP site H. High Mil 
nodules are enriched in sediitieuuty diage- 
tieiic manganese. This diagenetk manganese 
dilutes Cu and Ni. 


be about 700,000 y. The growth rate is very 
rapid and undoubtedly reflects the supply nf 
diage Helically immobilized Mn. 

The Fc, Mn, Ni, Cu, and Co concentrations 
nf whole manganese nodules at site H are 
summarized in scatter plots in Figure 0. The 
mosL striking feature of the composition is 
the high Mn/Fe tatio. It lias long been recog- 
nized that high Mn/Fc ratios are cliuraciciistk 
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Cover. A nearly vertical fracture in the 
granodiorite of Lake Edison, Sierra Neva- 
da, California, left-laterally offsets a mafic 
inclusion and an aplite dike by 8 cm. 
airuciural data demonstrate thai iliis small 
Stnke-slip fa u | t nucleated on a preexisting 
aiiauonal fracture (joint). Thus this frac- 
ture records two distinct deformational 
events: an extension followed by a left-la t- 
eraj shear. Strike-slip fault zones with off- 
seis oF up to 100 m developed from .simi- 
lar small faults. From, Nudeation and 
growth of strike-slip faults in granite, by 
Mgall and D. D. Pollard, J. Ceophxs. Res. 
88, 555-568.' ' 


of nodules underlving highly productive sur- 
face waters [Price and Calwrt. 1970], and re- 
sult from the reinobilization of Mn + * in sedi- 
ments by organic matter oxidation, as dis- 
cussed earlier. How the nodule com posit ion- 
prod uciiviiy relationship is mediated, 
however, remains a mystery. At MANOP site 
H, manganese is reduced in the Mn0 2 reduc- 
tion zone, between 10 and 20 cm. and is oxi- 
dized and precipitated out at about 10 cm 
depth. Hence. Mn diffusion through Lhe oxi- 
dized zone to the sediment- water interface is 
far slower than Mil incorporation into nod- 
ules (Table 2). This result shows clearly that 
nodules cannot grow from upward-diffusing 
diagcnctic Mn* if our pore water profiles 
are steady state features. Nevertheless, since 
the Mn ++ concentration rises by 5 orders of 
magnitude between bottom water and the 
MnO ; reduction zone, it is difficult to escape 
the conclusion that MnO> reduction is some- 
how responsible Tor the high Mn/Fe ratios of 
nodules under npwelling areas. Bui how is 
Mil supplied to such nodules \[ not by steady 
stale upward diffusion? 

Several possible explanations may be in- 
voked: First, the MnO : reduction zone may 
randomly migrate up and down in the sedi- 
ment (perhaps ill part due to the occasional 
creation of niicroenviroii incuts) and, at cer- 
tain times, lie shallow enough to supply Mn 
to the interface. Perhaps, for example, the 
MnO : reduction zone migrates in response to 
long time period changes in the forcing func- 
tions, such as a change in the sedimentation 
rate associated with glacial periods. Another 
explanation is that the depth of Mn + + oxida- 
tion may be fixed at about 10 an. and man- 
ganese nodules may be placed at this depth 
for short intervals by hioiurhaikni. either as a 
result of being pushed down by animals nr 
being covered tem|jor:iriIy by sediment 
nion nds. Today, alumi 5ft- of the manganese 
nodules are at the Mu ++ oxidation depth. 

We do not know if these nodules are in a 
short active growth phase or are simply en 
route tn being buried. A third possibility is 
that the nodule Mil ttutv derive ft out solid 
phase oxidized or reduced Mn (e.g.. MnCO,) 
brought inti) the Mn-iich zone by ieiiml)ili/.i. 
lion. This Mn would be transported Irom the 
depth nf Mil** oxidation (.iliout |(i cun ti- 
the sediment water interlace bv him urha lion. 
This hypothesis gains plausibility from the ic- 
letlt paper |iy PetlrU. H rind Pi ice [ 19K2| show- 
ing .1 high level ol reduced Mu in solid 
phases. 

Wlidlevet the exact mechanism bv which 
nodules incorporate remobili/ed Mil. its oc- 
currence has ,i simple and dramatic effect on 
nodule composition (Figure 6). Dyniund has 
shown that compositions of whole site H nod- 
ule.s reflect mixing of tw» un! tin tuber . a 
tiudule bnlioiii end member incorporating 
Mn remubilizcd by MnO> reduction and a 
nodule top end member precipitating from 
seawater and thought to derive front oxida- 
tive diagenesis. The amicor relation between 
Mn and Fc in these figures is dictated by sim- 
ple mass balance but the linear mixing lines 
for Ni versus Mn. Cu versus Mn, and Co ver- 
sus Fc can be explained only as entl member 
mixing. The positive covariation of Co with 
Fe is expected, since Cu is present in an iron- 
rich phase; however the amicorrelalion be- 
tween Mn and Ni and Mn and Cu is the op- 
posite of that observed in most pelagic nod- 
ules. Cu and Ni in site H nodules are likely 
found in a Mn-ridt mineral; the very low 
concentrations of these metals in nodule boi- 
tonts probably reflects a swamping of pore 
water Cu and Ni by diagenetic Mn and exclu- 
sion from nodules because of their low con- 
centrations relative to Mn in pore waters. 

Summarizing our site H results, our de- 
tailed studies show that the seafloor at site H 
has the cltaracterisucs which one might ex- 
pect for a relatively shallow abyssal site un- 
derlying high productivity surface waters, A 
high rain rate of organic matter sustains a 
vigorous benthic macrofaunal community 
and rapid organic matter degradation with 
the sediments. Nearly all organic matter fail- 
ing to the seafloor is degraded by 0 2 oxida- 
tion; oxidation by MnO a and NO, contrib- 
utes negligibly to regeneration but is impor- 
tant in mediating the amount of organic C 
buried and ultimately removed from the sys- 
tem. Sediments are influenced in a number 
of ways by organic matter degradation, most 
noticeably by manganese recycling. MnOj re- 
duction also supplies manganese to the nod- 
ules and leads to very high growth rates, al- 
though we are unable to single out the diage- 
netic Mn transport mechanism. The extensive 
incorporation of diagenetic manganese into 
nodules is reflected by the rapid growth rale 
and high Mn/Fe ratio of site FI nodules and 
the difference between top and boLtoni chem- 

TABLE 2. Growth Rates of Nodules at 
the MANOP Sites and a Comparison 
of Manganese Accumulation Rates in 
Nodules With the Flux of Diagenetic 
Manganese Tit rough Pore Waters to the 
Sediment-Water Interface 


Growth , ' . 
rate 1 Mi) accumu- 
(tntn/- ' lation rate, 
m.y.) moles cm -2 


R 0.6-3 
S -5. 

H 50 


3 ID’ 9 
70 X IQ' 9 


Diffusive 
Diagenetic 
Flux, motes 
cm -3 yr' 1 ' 

. - .. r 

0.01 X 1 0' 9 

£2 X IQ - ®' ' 


istry. The top-bottom contrast dominates 
nodule composition at site H: nodule compo- 
sition can mostly be explained in terms of 
mixing two well-defined end members of 
constant composition. 

Comparison of Results at Other 
Sites 

MANOP lias retrieved seasonal sediment 
traps from M and H a nr I annual traps from 
M, H, and S. Annual near-bottom total par- 
ticulate fluxes at M and H are similnr; at S 
die value is about a factor of 5 lower (Table 

TABLE 3. Summary of Organic C Fluxes at 
MANOP sites M, H, C, and S 


W 


■l X): 



M 

H 

C 

S 

Flux to seafloor 
Oxidized by 

12 

12 


1.8 

o 2 

(10.2) 

(10.6) 

19 

1.6 

NOj" 

I.I 

0.08 

0.08 


MnOj 

0.15 

0.06 

0.01 


FeA 

0.014 




SO* 

Buried below 

0.15 


2.3 


40 cm 

0.4 

0.2 

0.2 

n.oi 


Fig. 7. Summary of pore water concentra- 
tions of lhe redox indicators at MANOP sites 
S, C, and M. Again, chemical changes reflect 
the reactions outlined in Table I. 


(Cu tWfZnJxfO 



Among these four sites, pore water chemis- 
try changes such that pore water profiles tire 
progressively stretched out as organic matter 
ram rates fall (Figure 7). Thai is to say, as the 
flux of organic matter reaching the seafloor 
decreases, zones in which the various oxi- 
dants are consumed occur deeper within die 
sediments. Only when comparing sites M and 
H does this generalization fail. Fluxes to the 
seafloor tire similar at these two sites, but the 
redox zones ate much closer in the sediment 
surface at M. The sites differ ill that M litis a 
higher sedimentation rate, while nodules are 
present at H. Mote intense diagenesis at M 
may reflect more burial of organic matter 
tine Hi the faster sedimentation i;uc [e.g., 
Muller ami .Wo. 1979|. Alternatively, it might 
be that nil ire oig.mk nutter is oxidized lie- 
hne I m rial tit I I liec.iuse nodules allow a 
mure vigorous henihiL lonttiutnits to exist; il 
so. nodules must hate a intijot and hereto 
lore unsuspected impact on sediment gcu- 
clicmistiv. 

The solid phase Mn distributions at M. H, 
C, anil 5 arc similar m what is expected front 
the pure water Mn** gradients discussed ear- 
lier. At M and H, the depths of pore water 
Mil** oxidation are within the sedimentary 
mixed zones, and there accordingly are 
MnU>-tiLii kinds t teat the sediment -water in- 
terlace. I lie depth of MnOj reduction is clos- 
er to the interface at M, and the Mn-ridt lay- 
er is tliiiincr. At C, Mn 4 * oxidation occurs at 
about 20 cm depth, probably jttsl below the 
mixed layer. The solid Mn distribution is thus 
characterized by a discrete Mn-rich layer cen- 
tered at the depth of Mn** oxidation. At S, 
where there is nu pore water evidence for 
M nO; reduction, and at R, where pore waters 
are also assumed to be oxidizing, there is nev- 
ertheless a sediment surface zone in which 
Mn is slightly enriched. The origin of this 
fcauire is unknown. 

Key features of nodule composition at sites 
H. S, and R are summarized in Figure 8, and 
growth rate darn is given in Table 2. The 
most striking result is the high growth rate 
and Mn/Fe ratio at site H compared with the 
other two sites; these features reflect the sup- 
ply of diagenetic Mn from die underlying 
sediment. It is more difficult to understand 
svhy, ir there is no MnO] reduction at site S, 
the Mn/Fe ratio of site S nodules is higher 
than that at R. Dymond has argued that met- 
als in site R nodules are primarily hydroge- 
nous; that is, they are derived from precipita- 
tion oul of seawater. Site S nodules are 
thought to have a diagenetic Mn component 
that derives noL from MnO z reduction but 
from Mn released from sedimentary ferro- 
manganese hydroxyoxides when Fe reacts 
with biogenic Si0 2 to form nonironite [Lyle et 
at., 1977], Since both R and S nodule bottoms 
are richer in manganese than tops, the. hy- 
drogenous and oxidative diagenetic compo- 
nents are thought to supply metals at both 
sites, with the oxidative diagenetic component 
being prettier at S. 

At site S, the upward manganese flux at 
'the interface, calculated from the pore water 
concentration gradient, Is 3 orders of magni- 
tude less than the rate at which manganese is 
assimilated into growing nodules. Therefore, 
another source of manganese is required, and 
this is believed to be solid Mn released very 
dose to nodule surfaces as a result of the oxi- 
dative diagenesis reactions discussed earlier. 

Thus, while we confirm the increase in . 
nodule Mn/Fe ratios with increasing produc- 
tivity, our work supports the mechanisms 
proposed by Lyle el at. [1977] and indicates 
that this relationship is mediated in ways very 
different from that envisioned by earlier 
workers: In oligoLrophlc waters and upwell- 
Ing boundary waters' (as at site S), productivi- 
ty increases hbdple Mn/Fe not by providing 
diagenetic.dissolved Mn + ‘ , ‘ but by. providing 
SiOj, which sequesters Fc and releases Mn to 
nodules in an dxjdatire process. In higher ■ 
productivity waters, where the Mnf* oxida- 
. lion zone is close to the interface, incorpo- 
ration of dissolved diagenetic Mft + *.is possi- 


Mi 

Fig. 8, Summary of the composition of 
manganese nudities at MANOP sites S, 11, 
and K. 


blc only ir non steady stale conditions arc in- 
voked. IT we assume steady state and growth 
• »[ nodule bottoms at the imcrfacc. the very 
high Mn/Fe ratios of nodule baurum at site H 
must be chic to incorporation of solid diage- 
netic Mn mixed up by biniurbutiun from the 
Mn** oxidation zone. 

It h;is been widely demonstrated that, 
among pelagic nodules, Cu. Ni. and Zu con- 
centrations im reuse with increasing manga- 
nese. At sites S and R this relationship is fol- 
lowed, both when coin paring whole nudities 
from one site to another and when compar- 
ing tops mul bottoms at the same site. At H 
the trend is reversed, for reasons discussed 
earlier. 

hi summary, sediment fluxes to the sea- 
floor dec. reuse in the same ordei as surLu c 
productivities (M = U > (: > S>. As prudui- 
tivitv tltftps, tedox zones in the pme haters 
arc spread out to great et and greater depths. 

At the two high piodticiivitv sites, Mn is re- 
t Mobilized and oxidized within the sediinetita- 
ty mixed zone, funning a Mn-rich laser near 
Hinl at the interface; ,n site C. Mn is tcinubi- 
lizetl anti oxidized just below the mixed zone, 
forming a discrete Mn maximum, and at site 
S the MnC> 2 reduction zone is not penetrated 
bv our cores. 

\otiule gi uwih rales .uni Mu/Fe ratio in- 
crease with increasing organic matter flux to 
the seafloor. (Ni + Cu + Zn> increases with 
increasing Mn until productivity becomes 
very high, at which point the irate metals are 
drowned out by Mn and their concentrations 
in nodules drop. 
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News & 

Announcements 

Glomar Challenger Finds 
Ophiolite 

Deep Sea Drilling ProjecL (DSDP) hole 
504B located in the eastern equatorial Pacific, 

: 201 km south of the Costa Rica Rift (CRR), is 
unique in several ways. Hd|e 5Q4B extends 
. 1.35 km below the seafloot;, which is at a 
depth of 3.4$ km; Jt has penetrated aeisrrtic 
layers 2A; 2B, and part qf 2C and for the: 

. first time has provided a very complete sec- 
, don ; and h Has bottomed tri what has been' • ' , 

.-interpreted as a prue ophiolite complex. 

These results constitute for the firat- time long ' 
awaited confirmation of accepted models ' 

upon which most 6cwnid prusi theory has 

•• been based. y. ‘ ■ :,r r • . .. 







A recent report of DSDP Hole 504 B noted 
that . . one is led to question the validity of 
using ophiolitc as models of ocean crust’ [Na- 
tur *, December 16, 1982). That statement was 
representative nr the state of uncertainty that 
existed he fore the hole was drilled. Tlic drill 
site is located oil magnetic anomaly 5’. which 
lias an age estimate of 8.2 m.y. The location, 
south of the C'RR, lies on the easternmost 
arm t>r the Galapagos Spreading Center, ide- 
ally sit ttaicd over ophiolitc lit host rat igraphy, 
if most current models of the oceanic crust 
are correct. Hesitation with the acceptance of 
these models has arisen in recent years from 
the rarity of dredged and drilled rocks that 
can be positively identified as being samples 
of an ophiolitc complex. Hole 504 B, being 
along the southern flank of die CRR, should 
be a good test case. 

What was expected to be encountered in 
the hole was a penetration of seismic layer I 
(pelagic sediments), then fresh to altered ba- 
salt pillows and flows (seismic layer 2A), 
metamorphosed basalt pillows (seismic layer 
214), mid finally seismic layer 2C. the charac- 
teristic metamorphosed basaltic dike complex. 
The entire seismic layer 2 is variable, bui av- 
erages ahuut 2.5 km in thickness. The under- 
lying layer 3 is thought to consist of gahbros 
and more or less serpenlinizcd ultramalic cu- 
mulate Kicks oF approximately 4.5 km thick- 
ness. 

Drilling of hole 504 R on DSDP leg 83 was 
a coiUiiiuaiton or re-entry of the hole that 
w;ih started oil legs 69 and 7(1. Leg 69 extend- 
ed to a ilcpili of 489 in, leg 7U In 836 m. 

Willi a Few complexities, the lithostmtigrdpiiy 
In rued nut in be just about ideal. Basement 
rinks were cnruuii tercel at about 275 in. for 
the next 575 m depth, pillow lavas, Iluwi. and 


tectonic breccias were encountered. This pil- 
low/flow sequence was underlain by a 209 m 
transition zone consisting of pillows and mi- 
nor flows cut by dykes. At depths below 1055 
m (BSF), no more pillows were Found; only a 
sheeted dyke complex characteristic of ophio- 
litic models of the oceanic crust was drilled to 
the bottom of the hole. 

An extensive suite of geophysical measure- 
ments were made in addition to the collection 
of drill cutting samples. Down hole logs of 
sonic velocity and attenuation, X ray density, 
neutron porosity, and resistivity were ob- 
tained. A borehole televiewer was used to re- 
cord fracturing and reflectivity. Thus, the 
study provided an excellent opportunity to 
compare geophysical depth data with petro- 
graphic analysis of the well samples. 

Layer l contrasts in properties with those 
of die basement racks in that the first 275 m 
of sediment at hole 504B are mostly siliceous 
naunafossil oozes, grading into chert at the 
base. 

Seismic layers 2A and 2B correspond rath- 
er well with the geophysical logs to the open- 
ly fractured and smectite-filled fractured pil- 
low-breceia-flow layers, respectively. The 
interval between 846 in and 1 ,055 m, desig- 
nated petrographically as the layer 2B-2C 
transition zone between pillow/flow and dyke 
complex, was not so subtle in the representa- 
tion of the geophysical logs. There was a rela- 
tively sharp transition, extending no more 
than about 50 in, as represented in the geo- 
physical lugs. A distinct layering, for exam- 

I ilc, was deduced from hulk porosities calcn- 
atcil from resistivities. The layering corre- 
sponds u> the seismic layers 2A, 2B, and 2C. 
which is the first observation of a section 
through layer 2. The results of the DSDP 


Hole 504B study confirm '. . . dial the main 
features or the upper pari of an fchxili#ml 
ophiolite sequence occurs in the oceanic ci iim' 
(Nature* December 16, 1982 ). — PMH 

Expedition Invites 
Research Opportunities 

A Long Lines Expedition ftn Hydrograph- 
ic stations will lie made along the Greenwich 
meridian From 7°N to 35 D S. with a pun snip 
at Capetown, South Africa, then southward 
to Antarctica and westward through lilt* Sco- 
tia Sea, ending at Puma Arenas. Chile. The 
work will begin in the fall nl 1983 anil finish 
early in 1984. Surface to bottom measure- 
ments of temperature, salinity, ml 

nutrients will be made at approximately 1 1 ll 
km intervals. The purpose of the expedition 
is to collect data lo study the genet al t ircula- 
Lion of the eastern South Atlnutic Ocean, the 
Antarctic Circumpolar Current, the eastern 
extension of the Weddell Gyre, the flow nl 
deep water from the Weddell Sea that ex- 
tends northward east of the South Sandwich 
Ridge, and the regional oceanography nl the 
Scotia Sea. 

The expedition offers an opportunity Inr 
measurements of such other characteristics 
(tritium, helium-3, freon, carbon dioxide, 
etc.) as can be accommodated aboard. Parties 
interested in carrying out such programs 
should call or write J. L. Reid at the Srripps 
Institution of Oceanography. La Jolla. Calif, 
(telephone: 619-152-2055) or W. D. Nowlin 
at Texas A&M University. College Station 
(telephone: 713-845-2947). 


U.S. Ocean Policy 
Under Law of Sea 

1 low the United Slates' Use nl I lie ocean 
nil] he aliened when tile iuteiu.il tonal Uwof 
the Se.t iieatv ionics into plate will Ik? ex- 
plored at the I'liiveisili nl Rhode Island's 
(URI) Center Im (bean Management Stud- 
ies' (COMS) seventh animal conference, Jut* 
12-25, 1983. Significant inquitsoii U.S. 
mean iniereMs ami polit y nl the United 
States' derision m it to sign the woildwiric 
com ei it ton will lie examined in detail. 

Among the lopits to he discussed are the 
inieruuiiniial politic ul toulexi of the negotia- 
tions and the U.S. position ns it i hanged 
I t uni suppoii to op|Hisitinu; the costs anil 
iK-uciiis of signing and mu signing the treaty; 
the status of iioiisciihed piovisimis as cusinm- 
ary inlet national law; speiinl piohlenis mid 
opportunities nt seabed mining and naviga- 
tion; and suggestions fin l inure U.S. strate- 
gies. I'lte Law id the Sea Treaty (Jim, June l, 
1982. p. 523) was (otm.illy signed recently by 
almost 120 nations; two dozen nmniries, in- 
cluding the United Slates, have tefused to 
sign, however. 

Lawi-cm e juda, cliaitman of the URI Dc- 
pai'imeiil of Geography and Marine A (Tain, 
will thair the toiilereme. John A. Kuhuss, 
vice pre-sidetn lot marine programs at URI, is 
a member ol the planning < out mil lee. lie has 
served as an advisor to the I .aw of the Sea 
delegation. The nutlet erue will he fields (be 
URI Niirragansen Hay campus. 

For additional information, comae t the 
Center fin ( Jeean Management Studies, 
Kingston, KI 0288 1 (telephone: 401-792- 
2145). 


Meetings trout, jrum /». 4 it 

T5 1 A-07.J.J. Jaeger; T5I li-08, A. Scliedl; 
T52I4-I2. T. Matnili cl al.; T6 IB-03, E. Bo- 
nani and K. Crane; T62B-0I, I*. L. Ward; 
T62B-05. K. Crane; 16211.08, L. Gamlxia; 
T7IB-0*), U H. Scliola; T7IB-I3, N. Warren; 
T8IA-05, K. D. Gerdcs and P. Styles; T8 IB- 
07, M. Wyss; TH)c:-fl2, D. A. Falvey; T82A- 
13, L. Smith; T82C-IO, J. E. Swenncy. 

V42A-03, fl.Z. Lit amt M. L. Crawfutrl; 
V7K'.-4K», G. A. McKay; VKIC.-OK, L. (1. Me- 
rfarisel al.; V81C-I2, A. K. Baksi; V8ICM4, 

P. J- Leier; VRIC-SH. W. If. ZoJIcr ei al.; 
V8JC-25, D. L. Finnegan ct al.; V8IC-26, 

D. S. Balleruine ei al.; VBJC-87, J. M. Plielan 
and IV. H. Z«dler; V82B4M, G. T. Nixon. 

Late and Revised Abstracts 
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Breakdown In lenirte XI r 

rat. nii« . b.c. u. wluet, 

v.i.j. im LUI (Kitstan He searc* Co iteration 

Mil Ruffin BoiJ, ten Qiaqo, CA 11121] 

Utaniri B. Garinir) 

Dlffar«iKH bataftr broatda-n in lonlrel air 1,1 tml- 
«*V" no"- tanned »1r hawa ham tbitrred. Raewtl> t 
bmsI vis InrruliUd to MpUIn tfca creation and irou- 
]1UM #1 discharges in ignited air. flit 

timet r griirth rata ms daiaminaa if tta rats at toleli 
terrain flowing in lanlzid cantfuetiw «ir can nlw air 
Wwraturs at ene Up at Us strew to full Utrsil 
tent is lien (MM «>. Ta ton ttilicoi,), as awleant 
MS parfomd at 1*1 Hfanit Sue lair Rgancy's AURDM 
Flash I -ray Facility at Hirer OUmM laboratory (slgred 
lMrjy»5 *CI, IT4, fbotOn rurgy vll K»Y). In Ul| tipfrl- 
wfliMos WO* rad * 10li r*t/0 providad Ul toni- 
“*Jy 41,4 “ Mparats 100 LY pulsar presided me (Hid 
Weis). *1 taut fix tires ilrainri vara craalid 
shlch prapagatad 11.15 ta during MROM'i ISO ni rieiatfgn 
WHS uldtn. snd g-.archfl an cessation of radiation. 

TUM ninlature iiretprrs Mrs ptolsqreptad, ihtlr ninth 
Uiccitj slsctrsopticallir ntaiiirad and the Currant rat tag. 
(Mracterlitfet coal tare 3. dgrsaeont uStl, thiareiltel •«. 
tKtiUees Is goot anoitjti lo lend cam IdirJbla cradlbll. 

Hr to the tutor,. 

Geodesy 

OBPPlT Stations 

did SEA5AT Alt Ire try Ccolds " 

■mg* 6- jClglC (Gccd/iunlcs Corp. , SS Hitchcock us/, 

Suite 209, Suita Barbara, CA 31105) 

5a»td heigut vituss fron tfUUlJ coordinates at 310 
CCMlsl Dapplsr stations having good ties to wan saa 
ls*el sere cavired with the roirasc 15' x IS 1 arid 
Mint values tn the HAVOC EAIIO sEAUr eltlretrv geo« 
height data set. A eean difference of 2.2 meters vis 
“f Appier values with 

OStl SEA5AT 1* » | a mean geo Id height values results 
tnarrmn dlffergiiu of 2.2 eaun also, these Wan 
a ffererces wore rtijlncd after removal of Z-coardlnate 
differences Identified in various analyses and 
ver tied ay the 2.3 c*ter origin offset between the 

bMl ,U 11,8 ««“» ind^SU quids. 
These differences suggest that scale or other 

5*5°“ 01 1 rBter i» fluid 

deli ruinations, RosslblD explanations Ircluda- * 

1. StAJtt orbit radial orrarc. 
d. IWL11Z scats error. 


afr.ym. Me*I»iusl*s Dramh, p«i 

» w*«r" * r *»« i *. 

SirftSs chTM^t * lH ‘T 1 ** «*• »f thla 

J IE! h ^ d ” d klimins. ru 
to darWa^Sl^ifst^ * v ° n ** r * 1 * “Ml ta M 

•L „ ** rtt 1 tmitl MMltu od Saa nr 

tha IKcneOfc ,1U carry S- - lo T nl ricj.j 

2mu 1*«** * ltb 4 'Maslaga at « aMnsTths • 
•**•■••* *■ atavM* shn emit/ n.U 
ftaTnta 41 tb * tanh'v mir- 

P1 *i d «0« l «T nt Sl» 

blo * k •iss» of loo ka * 

!*?**• (m tu Blulal «IU pro* Ida 

*** CT^u oltioo and talMlul 
**>• aaiar cross of «h» tit 
WKMW la »u omrla, of - 


Tadinmio and Ctanoa Cubs bra lot 


TSCOMJI 0. HITS (Bureau or BaaliauUM, MM 

Catena Hw, Saeiuanto, Cl MB2S) 

In uapubllabia aua-ourva Lipi of insl/sis Is 
aosblnad with aiane* aonatraiac prograBelng oaaaapta. 
Dwigbts laadlns to Uls aaBblnatlaB vara stlaulilod br 
Uaati 1979 artlala, 1/ 

Iba Oil a -our,, taalinlgua in quantlon van dnnlupod 
tj lohart A. WLllIau. It hu not Min pubiuhsd. U 
la a iMhniqui vliiah la aailar to iggly than tho 
toohnlquM In tea cltod artlela. CoaMoliv it with 
olitiwa ocnabraLnc eanoapta panlta tM daralafmnc of C 
abanue conn tn lot Foraulntlun din data ut have - — 
or Uia preplan idaniiriad hf Dan, It atwlU bo 
raceinliad. bmnnr, that all audi 
taohnlquaa ral/ on a ErMOBareua nation. Th« notion 
la that a parraut roraalshc epinLUc polio/ la 
poaplMo. 

J/ ClaoM ■Starsja Mia -Curve Anal/au lo a SjiloaJ 

Bulyilo PanpouttH,* Vatar RMimreoa Boaaaroii . 

Bprli 1979, T 15, n Z. 

tosWTaeji^rslaffls^n the Davelctent of Blnassay ' - • 

D. U. Mini (Sanitary Engineering md Envlrenmantal 
Health Research liberator/, Richmond, CA MBM) 

J. C. BOTH (Sanitary Engineering and Environmental 
Health Research Laboratory, Richmond, CA 94804) 

A. J. HORNE (San I ter/ Engineering and Environmental 
Health Research Laboratory, Richmond, CA 94804) 

AufWuths Is a sensitive, low cost tool that can eld 
regulators end dischargers In determining effects of 
municipal and Industrial wastewaters on the biota of 
local receiving water. Effects of ’biostleiulatonr 
(municipal) and toxic (simulated Industrial) dis- 
charges on aufwuchs grown on artificial substrates wars 
assessed In 3000 L analog tanks. Parameters considered 
include 0j generation, 0 2 uptake, chlorophyll a and 
biomass. The method shows clear differences between 
various dilution levels simulating those encountered 
In San Francisco Bay. The results Iron tank experi- 
ments have corroborated results or simultaneous field 
studies which also showed hlostlnul story effects 
varying with wastewater dilution rite. 

American Society of Limnology and 
Oceanography 


Martian Coamsmltlaa of the 

Anctovy gpayilrq Envi rorjneTt ~ 

Jani STgiSEl*- " Var, ~ WQWW31 ' 

ftKht (UCSB, Santo Barbara, a 931061 

«aieeal« epetlet variation of 
EAyptdplankton and snail aooplonkun 
«j«ntratlon an) wapoottlon, ml lnfar thalr 
L L?C ld b V* d U* anchovy 
* variety of 
< "*WMM»ne In April 
igai dwrly doflna the ewtronswA: from which 

S “»r anuserattone of 

■mil plankton i we aanpled a 200 kn Dim at 
wtor Rronly Influenced by coaetal imwati(ng 

J, old < «nd aOMnlc setai with no 

as® & a 

™ ot (ho mw Alim anl ui hlah*4t 

J* PH* Hr.lt., Hal lot^pl iw «d 
ocoonlo water were devoid of epn^lrq 

i OCMnl ° “ ,l8r * w« 

“rtor of the new pinna w cooler by about 3 

J? 1 !" °- 3 0/03 ■ '■•«!>« In 

chlorophyll by factors of 30-*). HltraU, 

taro ?lau 4S* «*c«nkrBtlona 

taro elevated In the mixed layer of the new 

plwa. V erctoal gradients of tC* nutr lento, 
i PW“ollne, ware generally 

r " r.r ^-, n * s * Thue continuing 

lood anrlcheent of the photic layer Is ilkaly 
ta have occurred In the new plina. ii-n 
taw S “"Wlbutod to looit enrtahBeit 
W the ouch OtainlBhod stability inffls 
pM*» verctool mtlona of density 

*" t»» upper 
within plun ltnlh, 

w ^ r * 1 wlthin ths aone™ 
Interns tied aurfoce Dow esooclaud with hib 
that \S&£ 

2SMSSS 


Clraulatlsn in Sulaun Bay; Hata sad OnjrlNl 
*j Ana I vail “ 

W» 1. MXLTEIS (uses. Hanlo Park, U 9»0«> 

Saa l.val (ala and our rant naiar Jala natnar,q in 
norinarn San Franetaea Bay ara analyxsri wltn 
raipasc so tidal variation! (par loo, or ana day or 
laaa] nd Ion fraputnaj unrlacLona (periods of 
aavaral daya and lonpar). Pa this area IS of 
I spar lanae tn a ohsnloal am bioln.iaal Mnsa. chla 
■nalyala actespta to Identify th* piiysieal 
pretsesa* thnC srt IsporCBnc Co tlrcuSecLon an] 
"III**. The (leal (iriallon dgalnataa tha 
Inicintaiteous Maaursnanta. Low froquancy 
wariatloni In ua la*al in Sulaun Bay nra acrunqly 
eoupLio va coast, l tan level variations iWaV nra 
eauaad qy ssCeorBlaxloal erfoeta, end lha Clans 
camp o sea lo*a] itcup ttaC la larger during 
iprmi Mdaa than during neap Cidae. The low 
Traquaney eurranta dlaplny a danalty drlvnn 
gravicadonsk circulation and a tiddly driven 
tarltontjl naan flew, both of atilah vary atronqly 
with Che spring^iaap cldol oycla. In addition, tha 
salt flu, ■■ eonpjtnd rroi aash data let depends 
■nnsily on tha Man saloolty clmn lha oean salinity 
(ciae.Pie.in advBsclva oonponenil ,nd not Che 
correlation baiwnan tidal variationa tn velocity 
and salinity IdlSMrsIve conponantl. 

fvj nunorlc.il mdeli are used to Incrennn 
iRdar'atandlng or tha'dynnalaa at Sulaun P,yi 11 n 
fLnitr elaoent tidal wuel haaed upon the snaliuw 
vntnr e«, ml Ions which cernputes th* «•[>!] uilvs .,„d 
phases of l hr various tidal sprelrh ini raprMaceS 
Wo cssenilni reitureo or the tides, ann »i a 
r>Sldu>l circulation "O.Jrl (Ful-rl in) Which n 
cur rastly tun d Inane Inna 1 lhorii u nlall nnd reipaieca 
lha add I L ion of veriicol vnriatione >u rapralw, 
thn dynwica inferred rw data wnnlysle. 


Oceanograpliy 


H a t a ln a al Sull atream Ulna with XI l Iraqi ry 

i*. La HTWHBLI, 

0. H. BORN 

(bath at Jat Propulsion Lnbaralory, Cnlirocnlo 
IsalltutB of Tcahnology, Rgoo Oak Urovs Drlvo, 
Pise dan*, CA 91109) 

lbs dynaaloe or flulf air one Rings dirlng Augunl, 
1978 are axaalned using domblnad SEASAT and 0ECB-3 
altlootr/ tn tho rurthuonL Atlantic. Alllaolrle 
Mights are aaai} v D wop the geoatrophlo bob 
aurfeoa height residuals with Paspaal to n 
rsglonol goold. Haauits Qompara favorably ulth 
oanovrrsot hydrograph la nurvoys. 

Oaeatrophla surfeM ourrenl rlslda ara produaud 
froo tha heigh l realdusln. Dsieg ■ long- tars man 
aurfeoe for tha rsglao, gansratsd by using several 
ysara of DSOa-3 altloatry, ua a Unapt to Btisw-n 
trusioDt sddy/Bsen flow sosestua esabsogaa. 
Aosuraolss aasoaistsd with Lhasa altloatrio 
■applDg mo thofla ace potential 1/ ooapmrable lo 
tboaa etteinabla froa bydrographlo surveys. 
Suggestions era aada for using 0*031 T (eltlMtrla 
■■tallUo to be launobad In 1984} to study ring 
djemian. 


Pg^opy A- (Insclcuta of Harlna Sclenca, 

University of Alaska, Fairbanks, AK 99701) 

Thn Alaska Coastal Currant U an enanarlr 
b ®° dBf l, “® 8i,h "“ r "‘•Teh Menu wee ward alng the 
2?“" “ f "- 1 -' T» -*W loputa ?ta 

freahuater runoff floo the const and tho 
Vl ? d - fT-taotor Influx caus- 

ton«S h f, ,l * lty * r4dl “ e **‘ch driven a 
«aS«n« b "-““ nU c “rni»L. the ahoraward Ekma„ 

' " ,uU " fto * thn longshore wind. 

° rha braoktoh water Into a narrow 

-«i- 

«IdUnr a T r8y iB 9Ior4,d dua l ° ■ voltage 
5*" 1 ?"*' , Sxpreaaicnn arm derived for tha enhvcv 

M Th d f T t ° f hydrD «"P'«^ l ««iw«." r * Mtl " 

01U-IQA 

Hiaam at flan «mq ami mu, 

A* UJDZCHBJ,, 

0. X B01H 

IPulh at Jet Propulsion Laboratory, Cmrovele 

PUbdem^* 0k 9LW9 ** ar ° V * Cr1 ”' 

.aS* dr ““ Jc * Wf Stream SIMs Au»i,t 

6 * lnl oombimed &JU1T xad 
MMtabTr-.lB the nerthwamt AtUnKe. Aitlwatrif 
■ are, U Bad , to "qp, tha gad atrophia eea 

JJJf** 1 Might l^eldltmle Hits reepeot be a 
reglQMi A* old. Raaulta sea para fnorably. kith ' 
eenaurraat krdnpapue awveya. ■ 

taqetropWa'Mepioa oirfeot fields ere prodooed 

S5««yavaSS 

LfWaeiM ... i.apolased Wilb tpb., . 


napping netbuda am poianllallv eon parable te 
tboan at tains Mo from hyarolrapala aurvaya, 
SuSg**llon* are •!«> for wning CiQSAT (nlUBSlrtt 
antalllta tn Bn IdUiiChnd In 19841 to study rlfll 
dy MM Cl. 


i. -.ir-d I'Mu AiTiviTt at mi: *cr. >v hit east 

rnnr '-nirrEaiin TTrTv^mrr 

uT'irr-v^ iT W'viiri 'iT 

R. HIMMi;:, I. Ipv.oe ll.m, V. Ri.VMOi. k.n MI1AW3, 
inTTifPn.l, I.l. OJ-IIMr, I. ilFiptlf. J.F. MW5IH, 

j. i. ov.vi.xi. j.r. wmn, r 'fli’>«., .uw-cob. 

A ;.,di VI ill-lt- eliijr uf a f.i^l ■ jilt iilirg (!.’ Ol/yll 
lliJ'XrJn-li l'.c t,..l i.j it,.,- disoivvry of Inteiue 

loAiulU-,1 >1 1 tally 11 ,M V.i. ill. Rise Tam li’SIMR. 

1 I > |. 4 , l . 1 1 . i kill, j. | tic '.chi-. :in,l 1 1 ll, lfiwiUic 
Ii> >li ol Vcir.jl .I,|k,-iii i ■•it* f .iiwi.l Kiihin * pfiHm 

AlCIdKUid A.1|I h, I a II, k l.ll |i -ilnnr .1 Al In lonx »J- 

ri',,1 ul Hu- ||,1 k r ■ if | 71.. it-i-li ih lliV»r,l kllh 

lltfXl, I.,.., III. i.l, . cl ||.x„ Imli.lllijj Li.ll.lpIlJ |illX or 

I. iv'n l.ilc h|ju inicj. 1 1, -ii li.iih ,L »‘P t-p-cil cwit-ru !(!■ 

II. 41. .iii.J rnun-J -.tilen, |-,lhlr il.-r-rlill IfllX, ll 11 i-Sll - 
nilrl ll, II llj Jt.'l Jjy ..). |. tl.|; Ill'- llf.lrfllninlll *'l- 

■■I^lt . IPI-tM » In -ll.H'-'-li-i J iluu; llv rise I»is It** 

klMCI, I'H I.' Jill Drills. 

|l«. I.y.|ii>lh. ir.,1 -l%'|. ••.]]'. Imw-I In it” ts-IKlnl l(»ta 
■us - I- llt-i,-.l i.. lut,- Cm rfb-.l i.ii'i'llv f.m lie order i>t • 

Ilf JssjJ. .j. KtiiKi In.wUti.-: — 

te ■ ii iMf.l ns i» xllia i In* rr-,1.1 Ii ul an ml fie chi"- 

r.V) * lilih liv i. • .r.l ll- ImlRht b, VI V, ^ «Uys. 

Ha- >Hi>. Mi. ill, n <•! I u *e|ni n'l'ISU fh-nn, <l®i 

'l,, -ii.-l .'nl «Mis"|t’i ,1 In ll.* cilllnjl W I lulu* laj” w 
Is jNwii ii. Ii l-il.l ; g. j.d I Hot. Fion an Sle».iflw IH rt 

it* !/•«.. II in pal I v>. i id ih-H ilniuuutne- 

I al 1 1 . |.|,. 1 ,!| J..|,. | Mm on ocllva thlnwjr l« I" 

I In- mi. I n ul Rh-I|i Hi;. | a- 1 ill)'. 

\U ri'.l s> 1,1" | vc l.y.l r.iit" i'Ml 0u(o,n, miu 
irie.1 On im »rr-a>ls 9,-ii,,i*l localcl 4 )» till ol 
il>li;o iUIs, Tin- lij-Ji.'lliuiriut drjvjsllf fiu«J W Ml ■ 
riiljM mi -iii- 1 un rl*- iii'.aiwiil me slullur In 
Li cenlul i asmil lull/ n| ()ni , ipppef ll«fl 

Diliuml I'ho'nlii 

ScismolnRy 

smhiu unvibvn 

Mlfn ihplnmln I Ij N.-n r M« in onjfli 1 ■ekt’jiA* atj5*T!)3ll* 

A.T, KN|r|t O-nwrcnnn I. Ivrrimifr Nietl'Minl 
l.niiorMcry, IM>. IVi* kua.l.lvornmc*', i -A HW 

i tiirlnii Auipixl t ii*x'd ■ n at I ""iwdjjf jjJ 

BlnllniiB wns uri'ii|i|iul iinnr Mfiimnnlli 1-nkdli ' 

nl Win ell,i nf ri'C-nl nwnr>» xMhlHj wltlita J™ ''“j 
Vnllny I'oldom. Iiislruiiir-Jilx limliwloil vorllj* 1 . 

3-on iiipoiiniil voluilty Irniicliirnra, anil a rorccu'l'Sui 
aocolnroniolrr. All Blnllona rueordnd al 
Minpton/nopwfl on Xiwmitnethor IHI-IDOs wttli w* * 
trigger orllerln to rojwjl lonnl noise ww 10 1:1 
acournlo rolMIvo llmlim. , 

Tie nalwvk recorded UWIH rofraoilon shale rummi 
norlh aloiiR US 396 from rm IMahlo nnil ofl’l nMf ., r i i | 
l.fiko. To tlolerlnlrm llto local voloolljr slrwclure, ■ ■ 
of Bmnll aimis nenr onrti Rdlemlo Biallnn prOY*** 1 
Bturcea. llumSrefla of local onrth<iunl«x WM0 
reoordcl lo nl Idqbi inngiilliliJo D. i 

Prollmlnery lacallrvis for the uli'l uidllMjmJ 
two Irondi oxinndliUT north from l.nurol ^ 

addition, a jworm of ovonle we* recorded on Alans' 
almultnnainiB Inversion doiormlned liypoOOlHW*, , 
correcilona, and valocfiy alnjolure (Hoaokor, ,, , 

swarm laoaiat along a verileal Pl"" a cenl< ^L*. 

W 1 18-66.9, N3T-JR.3 nnd tsngonl Id U» rMurgonl 
The events oocur during n Ihroo-hour porlcd ajonge j 
km ecgmenl of tho piano and between depth* « *• M - 
S.S km. Trie maximum USOB oodb magnlwa y nk& - 
events is 1.6. Addlllonal ovonle occur lo dcplta “■ J* rj 
bul not directly below ihls ewerim The deeper 
looale Trom 0.5 lo 1.0 km from Lho swarm ep* 0 *"^,. 
The con flgiirA lion suggests Injection along “ 
alnioturo, lha shallow swarm is above the taJM”* "—g " 
lha atrosoct are hlghosli tho daepar ovania 
the porlitiaier of lho upwelllng. FoMl m^^^JivL, J 
attenuallnn studies arc proposed lo ecnitraln •» cflK 
the avants. 

•Work per for mod undw the busploes of /JlL-aW*,'’, 
Department of Energy by lha Lawrence 
National Laboratory under contreol nU - 
W-T405-E NQ-48." ■’ 

Agalltuda CoueHna and Fi-anuanav Shlfla 

Modes v.i 

out KUZSB& (Inatituta of deophymloa pod 

elaa, Sorlppa Inamukion of OoMaograP"! y. ■ 
aity of Call Tor ala , a* Diego, L» Jell* y* ta" ; - 
JSF? PARE (also at MPP-) ' -C.'l 

raEBUH OIL BERT («lao at UPP) i- 

It has ba«D known for aooe yb»ra that U* v-,j" 
fbroe oauew queai- degenerate ooupllng °* 

•odea if tnelr dogenemte rrequanoiei •*** .?Trh1*Rff 
■hat baa not bean previously reollaed ib lM u b l#1( fff 
pHng gives at radgly obMrvrtie effaotb 
quapoy act smog real war a large ftefl«M» "* P Up|li 

rajuilf. nr Vv,., Jiiah ar* 


i"wny aaiamagreas ■ over a large iTwquen-/ — 
raault of thto soup 1 Ins 'ia that podea W^oh 
• regarded a* aphqroldaL mode* have a tafoW* 1 frjjva 
,:-:.and yioe vora^,. Yor exaupia, tie podee pN-i** * 
V: ■Ighfriomntljr, ootaled to. Ml* «()•• aetartf* 

ii frequeqolea- end! atunuatlohi . or 1 ^SiU 

'' ' P^*roliU\ mod aa ; »r» akrongly pf f«k*a- «# >*• JJJ* .1 
used , ,«..0a)pri4B P^oed Hr* j a 

, iff Agfa on tbeas ' QUanUties 1 and a*i*«au*dt 
•■■j la Moallapt, dual: |a important la 

‘.T -- • viftWi.. pcppanaeif e, ^ * B , - -.i 


February 1, 1983 EOS 


pertlouiarly good et uoltlng low frequtnoy toroidal 
nodes these peak, oan be vary large. Rotation of hcr- 
iiaetel omponant uleiaogriaa also ahovs chat Che oou- 
pllng leads to peaks oil un transverse coeponenta at or 
near eptiaroLdal ao-la (TaquenaUa ml (abkb at or nsar 
toroidal oade frequencies on tha longitudinal ooa- 
panenta. 7h«M raeulte tava imporcand lc pi la at Ions for 
tha problan of Earth atruotun retriavai an data milch 
have haen ragariae as appropriate ror retrieving the 
epherlaally averaged alrincurs are olaarly biased by 
the coupling. The amplitude ooupllng must alio ba 
inoludad ihin retrieving the nmant tanacr for enalio-u 
evaota at low frequencies. 

SPR — Magnciospheric Physics 


g.U. BOSWELL (Plaaaa Tbyalca LabaraEory, Australian 
national UBlwariity, Canbsrn, Auattalla) 
t.S. mwe (Sfihosl at fhjait, aed Mlisway, 
ItatvereitV of Hlanesou, Hiimaapolla. HlBnaoeu 
JS*SS> 

Obsenaclsns at b«e*vpU»®a latacacclsea tava baas 
rarrlad out In WIMUZ, a vacuoa chaehnr at Auatraiian 
Rational Uni vanity. WltBAX te 2.8 matore lens and 
,8 mater alter dienatar, and has a magnatle field of 
up te 200 flauaa. ta aleetrn baaa ei anaigy 19 te 
*00 aV and currant! to several oA was uasd usually 
with an (Manet in length of a wear. As tha currant 
free tha sun la increased liu a faw micro * ca 
■araral nA, thro, taaosc tally Aticontlnuoua traeal- 
Cloao ara uhaarwad in plasma danalty, luoiaoaity, 
plane nine, and /or R.P. aclaalcu. Tha fine 
transition tlnuaec current) anau te corrsapond te 
that touod by Barnataln et_al , n nxleta nly at 
praaaurea below about 2 10"“ Torr. 

Tha R.F. emlaaleea ore vary epikv and sain to ba 
utat la aapaetad far aolitonj. plains electron 
acealerattom aad heating la time -cor ral, tad with then 
apt baa. 

lamataLn. W. , Lalnhneh. fi. . Kwuwe, S.J., Hall inn. 

T. , Harriott, 4.11., Xunradl, A., McCoy, J,, Daly, 7., 
Bihar, B. , Aedoraon, H.S.. Kalloxg, P.J., Elaccron 
Base Enlace Ion (xpar Lmnnta, Casphys. Ha,. La tears. _i , 

127- 1 10 (14781. 


KMMtacavllr ^ Sill-i rpoa-Par-rgES 

8. C. UOmnSTH (Oaldan data Ualvaralty, 936 Hi 00 Ion 

Berest, Sin Franolaoo, CA 941091 

It was auggaalad by Veetworth (1967) tnae the 
elaaalnal Chapaan-rirrar-o problem may have an 
'oxtandad-lall' aolutlen. In addition to tea known 
Johnaoe 11960) 'tear -drop' gtumatrj. An ertanded-ce 1 I 
C-t BgaetoMvuy unatltutae a 'groued-ataU, 
ewo-order' solution, with addition of an IMP 
rapraamtlng B 'flrat-ordar' perturbation. Haw 
experimental and thaoratieal davalopeanta Rave seat 
additional light on thla problan, and It la tha purpuaa 
e T thla paper tn dtvaLop qualltstlva aapsuta or the 
topology of thla ground-atata, ax tended- tall C-P 

Mffietoaphara. 

First, a quaLlfiativa axlxtanoa proof for tha 
eveandud-tall topology La davalopad. Than, a 
reeantly-obearvad high- let ltuoa 'raverda-draping 1 of 
tub-Klar bouodarf-lsyar riald lines may be natural 
aapoota of the C-P ax tended- tall topology, finally, 
dynaelo prooasaea wnion ara axpaoted to Uka place In 
toi taru-IHP, «r landed -tall eagnatoaphara era briefly 

Hated. 

SI'R — Snlaraml Iiucrplaneiui v Plivxics 

POpendanoa o( Bnaotral Content Ig im Pr 3-4 
Feaquencv Range on IntecOlaoataty Maanatl c Field 
intensity 

X. TAXAHL5HI 

R.L. He I'HEF PuM (Inatituta of Oaophyaioa t Planatmry 

Phyaloa, Univaraity of California, Los Angelas, CA 

90024] 

. Among various aolar wind plana end Interplanetary 

mjjnoLip | l M Fj paiaovlti, ll". iriw.ll, A il.l 
hja Dawn eeported to have a strong elieCt on tha 
Iraguanoy ut ho 3-1 magnetic pules t Iona chsaivad on 
the ground (Troltabaya et al. , 1971), Theta 
obaarvetlona Indicate that pulsation (eaquoncy la 
pcoportlonml to IMF intensity. In thla capart wo 
inveatigate whether a similar imp efiaat ax lata foe 
the Po 3-4 nagnatlo pulsations in apeca obaoevad by 
tin aynoheonoua aaulllte ATS 6. In order to avoid 
tha amplitude variation caused by ohangaa In 
(raquanoy or nodal etructura of standing Alfvan 
wavee, ww aaleot pulsation events with idontioal 
fundamental frequency of 11 mBi at a fixed local tins 
of 114®. Th» ratio of wave power in tha higher 
frequency band Inoludlng the 5th and 8 th harmonica to 
tha lower frequency band Inoludlng tha 2nd and 3rd 
hicEontca Indicate! e positive correlation with IMF 
Intensity, but naltber aolar wind velooity nor IMF 
direction oauaea a significant ohengn In tha power 
ratio, our ooaatvatlon la In accordance with Uioae 
eada by the Ruaalan raMqcebere, Howavcc, the 
frequency of the bov-ahoot-aaeoaiated upstream wava 
latino tad using a nodal for proton reflection at the 
bow shook (Sonnarup, 1969J and Ion oyolotron 
resonance In the upetiau, aolar wind Walanabe end 
Tacaaawa, 1982) aaaaa to hava little correlation with 
tae power ratio. Wils result argues against tha 
hypothesis that tha upatraam wave in dtraotly raletmd 
«> the troqueeoy of nagnatoapherla Po 3-4 pulsations. 


Tectonophysics 


T62A-0S REVISED 

CRAVITT STUDIES OF TEE PARADOX BASIN 

L - Aiken (Unlv. of Texas ac Dallas, 

P. 0. Bn 688, Richardson, TX 73080 

C. Randy Haller (Deiv. of Texas at El Paso, 81 Paso, 

TX MHB) 

Robert Coultrip (ITIRP), chaedar Ahuja (IlTDl, Hing-Ree 
Hong luTD) , David VoegaLi (UTD) 

Richard Ely (Woodward- Clyde Consul taeta, 5an Francisco, 
CA 94111) 


- Foat-proteaalng , at son on mini^cmjntar-. 

- Bnl-tlma can Louring with lategtwUoa or 
aavlfftion date. 

- El la bora tad praaantattonai blook-dlagran, itaga 
proeiulmg, oaUred aapa. 

At promt ties, tta WM naa arohlrad almost all 
tho aaa-beem date ooiieated during Jou Charoat'a 
oruUaa, that mepna ebuul l.DSB days and 130,040 
kllteatara or profiles. Thla auok la raauaid In e 
aalll boot 'Index dam Cupsgnea Saa-Baoa du M/0 Jue 
Cheroot,' Indar which will ba soar, on -Lina tha COS', 
oonputar (Casus wtanalcqwua de Bretagne} ia Brest. 

Thla inoax on-line, tha aiploltatlsa of data by 
image premising tauhnloa, the plot of salored mips, 
the automat Lu fitting of Bavldtlte with oaa-bue 
bathyHtry are our prloalpal ways a r liTilopaant for 
fucure aotUu. 


Induced ialimklty at tea Fan ton Hill Hoi pry Ron Site 

H, XEPFL18, C. PEARSON, J. ALBRIGHT, g. POTTER, F, 

HOMUIH (Earth and Spica Sciences Division, Lai Aliaoi 

Nit Iona I Laboratory, Lot Alamos, NX 87S4S) 

ii I erooirt equates reeordsd during hydraulic fracturing 
•xpar 1 nont ( In EE-I, Leo InJeetlon well of tha nsw dasp 
Englnaeriog Reservoir’ (EB) at Fanton Hill, differ in 
several l^ortant ways iron "icraeirthquakef racordtO In 
tha earlier 'Research Rissryoir" (RR) syuem. unllta 
the R# where tha fracture systani ware generally 
farcical, the i,ent lucations in the ER suggest 1 sarlei 
"T . jjgSte 4*" dipping fracture planes, -nlch strike 
IIigniT? -bit ta aorth, similar to Un RR fracturai. 
This trend la quits wall daflneo in tha lower (AZ43-4H5 
■ depth) part of tha ER, becoaing mars Indistinct In tha 
•Mil (3457-1627 m) 1ntsr„jl. This change In fracture 
orientation nay hi mplatneo by is tar a I hypotheses. 
First, thsse dipping fractures may reply a change In tha 
orientation of the istalnum compressive stress, perhaps 
associated with collapse of tha ntarby Valles Caldera. 
A second possibility Is that these fractures may repre- 
sent fault traces which were reactivated during tne 
hydraulic fracturing acoarirint. This would naan that 
shear failure occurs on the dipping fracture a lane. 

A second difference between Induced aalsnlclty In the 
W ana tea ER Is the site of thi alcroaarthquani. 
During tha RR 1(00/100*11. the observed nlcroearthqualei 
had niqntiudei ol lest than -2 and could only et 
detected uimq Instruments located In adjacent well sorts 
within SOD a of the source. Knife most of the mtcra- 
earthquaies in the ER are still located ualnq dowinola 
Instrument 1, the ER hydraulic fracturing ecDerliwnis 
also cause relatively large events, with magnitudes at 
great ai I, which can e> detected an the surface, lha 
fault plana solutions of taeie events are nearly iden- 
tical. and suggest either a rlqht lateral itnlo slip on 
an aait-wtst tronnmq vertical plana on a left lateral 
Strike slip on < north. south trending vertical plana. 


un Structure ol Uanern Midi I V- ranter. Bit In : 
t>0C 2 Large Aaenura Sa»am1C Survey ~ 


s. LE gouaeu (Elf-Aoultalna, Tour E*r»rala, 

La Minn, Paris, franc, > 
j. Buneui tlnsritui Frencali Ou Patrola, 

9Z’4A Ruvl l -Palma lion. trir,t,' 

rseonaor 1 T. Baurniai 

f. avEPir Hantre OcVanologlqua ua Bretagne, 
Brest, IrancD 

Pat! from lhtr|y on* Eipandlnq-SDraaU Profiles 
carrlao C'UI in -lull Ol lion mo Ligurian SvS In 
Srptamptr 1981 us«J la Study CMC alruciure 

ol uesiem naiiirnmvi Bn In. 

P- re tract iin, and precritleal rfllMilgni were 
WirrvM tvi" Iron the Kong desplre prasenc* nf 
hjilocinriic nvstmian sail la »ar, and nave even 
used In -,I| 1-1 oomalr, 1 o oyrluv vrllKliy Struclurt 
of both Sfdiwriar, (O.tr ,.a c--„, , 

■ arc* uli.'rr-i ovotuaicji dcams .,r, -ilsiin- 
gui, n ra - - -nirl s.>ntin*n|ai •Jnsiin, ,ith a 

, 6,2 -nl ana a tlHIrait ol IC l», 
can ..sum sta»aros or a s'r«tcneu c* n t inensat 
doiiain ,,n j imcmaSi of 1 to * ir ts|i, jnd than 
In tne cvmer of th, basin, a -Hubi «-• a.rrrd crust, 
with -afooilas ol ‘--.8 »ng a. 3 Mis »ng losal 
tmcmrsi at laom 5 kr, intvrarassd as an oCranic 

dsnam, >im Oasameni at aoout 10 i« trig, tea- 

t«w*l. 

lit vlratcnad comipental oa>ain 1, vary wide In tha 
Gulf 01 Lion (ISO lm> and conaldtraalr raaucad in 
I'-, , 'u-v> vva. 

Coni rlout Ion ol tn«ia data for lan-ol lgactrt 
rifting (no tarty aiotena roteiion el tsniti- 
Sardlni. Is dticuiKd. 

Volcanology, Gcodicmisivy, and Pcuul- 
off>’ 


T. fertls SBSE (UW»S« Dwvar Fodarel Cuter. Denver. 

E0 80226, and Uni varsity of Salto tehewan, Sasbaloon. 

SASK, Canada 

glassy rlos of *l#»t pillow (awes dredgtd (ran tta 
Juan da Fwcs Rfdae have SD values that raege from -84 
to -64 pencil. A positive correlation batnen tha 
deuterium and water contents In most of Uis samples 
suggests that tta range in «Q values it prtnrily tta 
result of the addition of seawater to nagaiLIC 4D 
values near -80 and water contents of 0.2 wt. percent. 

At least two of the fiapies have alto lost CU. or H, 
tautiin they are anrichad in deuterium bul dipiated in 
water relative to the Hepatic values- a M C values 
are also variable (-24 to -12 pvrol I } and the M C cm- 
tencs increass proportionately with tta concentration 
of carbon in the glum. Decreasing u t and carbon 
contents ray be attributed to tha differential loss of 
CO, which Is enriched In l *C relative to the carbon 
dissolved In the glass. Although variations in tea 
a»*C and aC values probably reflect tta effect of 
dynamic processes, iM constant a ,a 0 valuti oT 6.0 ur 
tea glasses Indicate that My9*n fsottats probably re- 
riect the Isotopic coapnsltlon of tta inures ol tee 
lavas- 

Kv I dance for multiple mrocaaioa In tha avnlution of 
calc-alkalioa Inu from liotacial. Cyeledae, Create. 


J.P.P. HDIJPH8S, H. BARTON and V.J.H. BALTERS (Scaca 
University ol Utrecht, Departpont of Caachaoistcy. 
Buds pa at la an 4, 3508 TA Dtracht, The Katharlanda) 


Th. foaaLblllcy „f umIc* rha Paradox Baaln for radio- "ta-P«tla.d *■ 3508 T* Utrecht. Tha Natharl-nda, 
Bcnva vasCa dUpattl iha acqul#lt!to, «er^lng 

I™ * rBV ! Eif , " Cl T “ d tVOU CeochamLcat »aly U . for major- end tr«* mlameat. 

cwrrain corractlona from 30,000 ataciona for the J 

■tatea of Colorado and Utah, and adjacent areas. Sou guar have boon carried out on lavas from nln* arvq>tloo 

- ■- 

shortest wavelength correlation LndicmtliiB iaoatatic Greece. Convent looal Harter variation diagrams ca- 

“-«™ « i- - ™ ■— 

data to predict tha correlmting anomaly which 1. than against a relative tluacala abow thaq. a 1 Chough IP 

*v«i— *- *■ ■ -j- 

topographic high is ieoo. ihe cocr«ladctfi la not at gaottia of ebua lava* it mifih aora coepleHr oapaclil- 

ssr: ■» — - — «•» “■ 

faa totem »uch as tha hvo»4 baaln* end upLlfte. gieTU atudlei stow aa^t* evWonne for Upl nixing. 


Colorado, Tha Paradox Baaln lies teward the aouth flank eoauainneion of tha parental «P»H With tvrrfga- 


Paradox Basin region icaalf la wit anomalous. Tho moat tavaa. 

conilderod by soma to ba due to tba complex juxtapoaltion van la remarkable. Tfcix caldera partly toned [tm 


The constancy of comyoalclna of . tta peat-caldera lo- ■ 


ll? *** n , * il h Ita alnugnetla anomaly napa, tha Hoar 

near eating being prominent east-vest 11 on a Lions, 
rariaua Tlltarad nape of tha residual gravity t»vs also 
“•an lonmcecad and analyxad, 

T71A.UA 

Sggl ism at See -Beam AatWUam 

Cl **dy (Centre Ocata Da Bretagna, Brest Cedar 
vw. _ pancol 

r 11 *® (Frentt Rational Canter ror oaau’a 
**• ■I'rtpmil tta lasaaroh foaaal j«n 
* »^W-*'aaa asa»p BU-BfAH in HIT. He 
«a antrumtad tha BMW (Bureau a, t local du Dooaaaa 
«» develop a oortwera for protaiaini and 

Wtelvlog M-tas date) Stab aaanai - 

“ taat.prooMalng of data,' aahara on.blg oomputer. 

Per oentedrlng along tta ahipti trees. ' 


ID 19. Sum In length.' Long-axis msasuremenls ol 3 DO 
panicles gave median, 7.5 pm; skewness, 0.497; fcur- 
tosis, 3-88. Keasu reran ii of 484 clusters gave a range 
of 10 to 100 up and a modi an of about 3D u ■. 
Calculations using Stokes' law loply that particles >5 
i*t. diameter should have settled below I7kn by the tine 
of saiplf col lection, However, calculations based on 
id* Vl'vjn-Huang equal Ions for lepnra settling mold 
sennit Irregular particles up to -12 ii® oa»1mgni 
dimension to haw remained at or above the collection 
altitude. Measured sizes of collected particles can be 
'jT.derllODd, in part, using the Wilson -Huang mode) bul 
"cluster" formation nay also be required to explain the 
magnitude of the size anomaly. Clusters font a Fragile 
open irregular structure with an apparent effective 
null density <1, much lower than the 2,5 gPe*3 valua 
Khtch probably applies to Individual shards. Tha 
fragile cluster structure Indicates formation In the 
stratosphere, possibly by electrostatic charge. A 
stratospheric abundance of 30 ng/nT (or, 20D partl- 
cles/ei 3 ) Is calculated for the ash at the time of 
collection. The d inns ion of the median particle Is 
about 7.5 x 5.2 x 1.6pm, A second collection In July, 
126 days after the eruption, continued to snow parti- 
culate material in the stratosphere. A third collec- 
tion flight planned for October, will support a more 
detailed analysis of the abundance and composition of 
Lhe ash In the stratosphere as a function of tin and 
latitude. 

Interaction between add 'Tuscan' and potaaalc 'Romm ' 
m« S mi In the volcanic evarem of Hi.Amiatd (Irmly). 


H. BARTOW aad H.J.VAN BERGEN (toning Hainan Lib., 
Utrachi, Th* Nachrrlandil. 

C.CHEZ20 and C'A.BICCI IllLituto di Hlnaralngia a Patra- 
gr.fia. Slana, Italy). 

Rhyadacltic lavas from Nt.Anlaca volcanic complex 
(Southarn Tuscany, Italy! contain abundant mlnatts (mica 
and K- rich I incluaiona. Major and trace llrnnt data 
display contlnuaui variation between the minntca Inelu- 
aloni, arew aubordlnata mafic I at (tic lavas and tha 
rhyodacltle host lavaa over a range of 48-671 SIOj. Al, 
Pa.Hg.Md^a,?! ,P,Sr and Ba decrees, with (ncr anting 
Sh) 2 . while Nn and Ll inerraaa, and K,U>,£[ .La.Ca.hb 
and Y arc virtually conalanc. Xonocrysia preaepi In lha 


olnat ta and latlcea are camcuratly mod chamlcally 
Identical to tha phaaocryaca im tha rbyodacltei. Pacro- 
graphtc nlaacalagleal and ehamlcal avldanca Indicate! 
Bjgmi nixing, raiultiag fron Injection of mafic ugoa 
into a elite [c magmachaefaar, aa the prncmaa reaponeibla 
for tha chaaical variation. Tba acid nixing andnenbar 
la tha SiOj-richeit rhyodacit# from Ht.Aniala, bolong- 
Ing to thm crustal anntactlc Tuscan Provlnco, uhsraam 
tho mafic andmanher ha* close affinitlma tn tha potaa- 
ale alkaline tavaa of aubcruatnl origin free tin 
adjacent Rosen Province. 


Analvala nf B-T, 
Volcano. Alaska 

t. Heron 

i. ifflil (Lamor 


Carttauahaa aad htlailani at Pawlof 


J. MORI I L amon l-Dohar ty Caologiaal Obamrvacory and 

Dayirtmnt of Daological lelancaa of Caliatia 

'hint* icy, rallsadaa. Paw Keck 1096*1 

An ai|bt-a tatlon network of ahort-parlnd aoiamooiEari 
ha, haul ay, rated near Pavlof Volcano, (91*21'?, 
iAl'U'U) Alaska fantnoula tinea 1976. Ugh quality 
aaalnf ro digital and dinar digital data vara retarded 
during arnptlJn, Ln L1BO and 1981. Vo analyiid data 
froa aiplaalon* with dlatlmcc air phaaaa ate from 
g-tiyt vole, ale uniqulu ((hallow, low- frequency 
IV, nr, lacking clear i-phaaaa) to 4, i trains inures and 
pro* agar Ian of facta. Batuaan uro'si aavaral bund rad 
srent, par day are recordad. with h||k,r nuohtra during 
areptitna. HagmitudBe rasgs hatuatn -0.1 sad 1,0. usd 
b-valnas range ba twain 1.9 l O.l ate 2.6 t 0.1. 

7iv, raiults are meat lapnflait: 1) Dal, fra a 

nawly laaral lad 5-eaappnant station raoaal that rha 

blpml-npliisM aiua et tta B-typs m«li *t» 
retrograde elliptic*] pareicLo ntlm and aornql dia- 
pers lan, and are haocr probably taylaigh wcvii | ll 

Slacking of th* ovaain sahanema tha P-uava, Wild haa a 
velocity of 2.1 x 0.3 lafiu; ll Tha nplailmt and 
■-■Ka avanta M«i similar hypneantsri, aa avldamcad br 
signal charaetarlatlci om wave arrival tiosti *1 Thm 
l-lypa a vane a contain virtually me high-froquaocf 
•min, time allowing lei Mttwnlt* af facta. la 
particular, a wall-daflaad P-vavalat it eao star Ian ha, 
a parlod gtaatar rhaa ana iitod, reggaatlnq I orv 
slow laurea-tima funeiian; 9) Th* wolcana ilmi 
avldanca of a, treat lateral vatiatlop of waleclty an) 
emanation in ill ihallow atrucruri. 



Raic* Per Linei 

Pniliani Wonted Him nisei in m .uliliinni.il 
inscTimiis SI. 5D Poiiliam Availnble, Service!. Sop- 
plies, Counet, aad Announcements l-'jr^t itlnq-r li< *n 

.pkVniniM) iiiM-rii'nis >‘2.7i Studenf Opportuni- 
ties hr'i iiiw-iii'in. iioi ■ ii hci mu- .inin n un vi I . Irev. 
AiIiIiiimii.iI inwriioio SI VI. 

Tlicu- .no im (ViMMinu, L'Uiiiinssions mi 
licil glv Am iv|u- ili.ii is nm i'iiIjIisIh-i \ ilmin- is 
clur^cl Im ,ii ^ 1 -iu-i.il living i.iu-s. t is |inl>- 
lishvil iu.tLIi mi I iividl.il Ails iiiiim he rvu-ivi-il in 
nniniK mii Muiiil.ii. I Mi-ol jiii'ii lo lilt- il.iiv "I 
IhiNk ami hi 

Kvplir> in ml* null tins miniltni sIm mild In- ail 

lire Mti I in ISr.v Ann-lit ill ■ i-t-uplusicHl Viiioii. 

200» t loin l.i Ai i-i un.-. NAV.. W.isliiiiKimi. n.C 
L'U(hl5. 

l-'or funhor mlaii imaiiuii ur m pl.ur .in ad tall lull 
Ircv HOU-l^-U-lSS or -462-Gy(l3 in the W'usliuiKitm, 
D.C. area. 

POSITIONS WAN I El) 

Reflection Seismologist. Recent PhD in icllcciinn 


Ke iieci ion aeisraoiogut. kcccmi rnu in leuccnon 
seuiiiLilogi looking for ,i research aisociaic posilion. 
Siaic-oi tnc-art knonlcrigc of nave propag-dlion, 
date pioceising. and computer graphic!. Scud rc- 

S lin 10 Box 0 15, American Geophysical Union, 

000 Florida Avenue, N AV.. Washmglon, D.C. 
20000. 

Hydrologist Seeks ConauItlng/Reje*rch/Te»chlng 
Position. MS ilTrigafion Eng), PhD <Au. Eng). 
Three years experience in computer model applica- 
tions in hydrology and data processing. Box urn, 
American Geophysical Union, 2000 Florida Avenue. 
N.W., Washington DP 20009. 

POSITIONS AVAILABLE 

Assistant Research OcegnogTapher/SIO. The 
Ocean Research Division orScripps Inuiluiion or 
Oceanography inviic* physical oceanographers to 
apply for a posilion as Assistant Research Oceanog- 
rapher, (he research equivalent of Assistant Profes- 
sor (Ph-D. in physical sciences or equivalent degree 
required). Candidate musL have strong background 
in applied mathematics and fluid dynamics; strong 
interest In ocean dynamics; and proven research 
and publication record in physical oceanography. 


'I hu [Hiiiiion Is funded Lhrniigh ONU cumr-m leu 
iw years. Anpoinimciu Iwyuml ivsu years is ciuvin- 
gem un ramliri.iic oliuininp cMr.uiiliral suppuri ll 
is cxpecieil dial ilic majorin' nf research eft mi lim- 
ing llic two years will hi- tlevnivd in liir ilii.-my ,un1 
jnalysis of if.ua un Kurosliiu v.iriahilny . Salarx 
range is S22.iKJ0-S2G.HCif) oiiiinieiiktu .iie «n iiu.ilifi- 
C.ilioiis. P'isiliiiii start dale is jppi uMin.iteh -l-'l/H'A 
Please vend reimnc ami al loan iliree ivli-reiui s lo 
Dr. Kuss Daiis, Glmiriiian. iTiejn Kose.irili Unision 
Aii-ld. Su intis Insiiiuiinn nl f Vi aimxr.uilo (El. l..i 
Jolla. I - A I'-IF.lS hi March l;». I'iH’.i. Pin aiMiiianal 
lnfuniiaiKHi ,ihi«iil ihc p'lSinou oinlJic In ll iei 
Niilt-r (Gill) 4 ‘>2-1 1 ill), i )u- L'nnersiii n| Cilifunii.i. 
*im liiegn « an Fqual 0|»pi.rnmuy/Alliriuatit«? Ai- 
limi Employer." 

Phyilcd Oceanographer /Oregon Stale Universi- 
ty. Assisinm or Associate Pojfcsior, depending on 
experience. Applicants may be observaiionalisis or 
theoreiicians bui musi have a Ph-D. in lhe physical 
sciences, have demonstrated lhe a bilily 10 conduct 
i i uli pilule in liigli-uu.ilii) icscauli anil uie cxpcned 
LO obiain research funding. Duiici include teaching 
and supervision of graduate students Imerejin.l 
candidates should submit a resume and names of 
three references by ] March 1 9H3 to: G. Ross 
Heath, Dean, School of Oceanography. Oregon 
State University, Corvallis, OR 97331. 

Affirmadve Aciicin/Equal Opportunity Employer- 

Faculty Teaching and Research PogUionflnsdiute 
of Marine Science, University of Alaska, Fair- 
banks. Research interests should include lhe nu- 
merics) modeling of estuarine, coasia) and open 
ocean physical oceanography in subpolar or polar 
environments- Participation in imerdi s dpi inary 
nudics is encouraged. Ap pi leant should nave an ex- 
tensive background in hydrodynamics and numeri- 
cal modeling. Ph.D. degree in physical oceanogra- 
phy it preferred (or its equivalent in training or 
experience). Rank and salary will be determined by 
experience. Candidates should send resume and 
names of three referees to; Dr. Vera Alexander, Di- 
rector, Institute of Marine Science, University or 
Alaska, 9970 1 . Closing Date March 15, 1083- 

The University or Alaska is an EOAA Employer 
and Educational Inathudon. 

Your application Tor employment mdi the U of A 
may be subject lo public disclosure if you are select- 
ed as a finalist. 


MIT FACULTY 
POST IN ACOUSTICS 

The Department of Ocean Engineering Invites applications for a facul- 
ty position In acoustics, at either the Assistant or Associate Professor 
level, effective September 1, 1983. Teaching responsibilities will In- 
clude graduate education In acoustics ana participation In related 


elude graduate education in acoustics ana participation in related 
programs In polar engineering, marine sensing arfd Information 
systems engineering, or underwater systems dynamics. Research will 
Involve experiments at sea, Including work In the Arctic Ocean, 


laboratory efforts, analysis of computer-based date, analysis and 
modeling, and/or theory building. 

Candidates should have an advanced degree, preferably a doctorate In 
acoustics or closely related field. Research experience In one or more 


ago,- paclcic lava* h**« been produced lateral ttaotly 
during the last 2,100 join and equilibria crratal- 
llMtlen la *uSB> BL *d •» * fWltVUlQ ter cov ~ 
eteacf or rsapoiftlod. , ' • 

Votc mlc teh ’Clusters’ . In UW5tr>tD6Qhara *fttc_Hie 
.El Oiicnofl. taxlco. ITruptloe. -' ■ 

U.S CLAHTOH, Boodfng, J.I., *nd Sldnchard, (MSA * 
Johnian space Canter, CedB SX2. Houitfin. Tl 77058), 

On K*y 7, 1982; Project Airs trow f Inf B'enjile dust 
collectors for 5 hrs. It lithuilti of W to ‘20 kit and 
over 30° to 490 r latitude and coTlectBd~?.4»g or ash 
fron the April 4, El Chithon eruption cloud.: Hitarldl 
occurred both as .dHBreta sjurds dnd u ccwosiU 
"clujlvrs* of shirts'. , Iq^ivlduaf starts ranged frodt ,8 


waters; communication, Information, and sensing systems; ship noise 
radiation and control; flow noise. 

Candidates should submit complete resume or curriculum vitae along 
with Hat of professional references, and reprints of two papers 
representing work In acoustics. Closing date for applications la April 1, 
1983. Application materials should be sent to: Prof. Ira Direr, Chairman 
ol Search Committee, Maeeachusetts Institute of Technology, Rm. 
6*212. 77 Massachusetts Avenue, Cambridge, MA 02139. MIT Is an 
pquaf opport ui t Hyiaffti nathe action employer. 




i . . 


Naval Postgraduate Schooj. The Department of 




responsible for the organization and execution of 
oceanic turbulence mcasiiTemcnu ai hell as the In- 
terpretation dnd reporting of the obtained dam. 
The iiosilinii requires a Pii.D. or equivalent in Phys- 
ical Oceanography, 3 jears nr posi-eloctural expen- 
encc hi ih oceanic measurements and data inicrptc- 
laiinn, and sumo lamlliarily with mibulcncc insiru- 
mcnialion. The Ocean Turbulence laboratory is 
actively engaged hi (be measurement and ituerpre- 
latwn of nceank turbulence data from a variety of 
environments oliiuiuctl with several type of vehicles. 
Tile successful candidate will he expected to cun- 
tribute in the growl h and development of the scope 
of the restart n performed hy the kihnrauir) . 

Apullcanis should send a resume, statement of re- 
search record and interests, ami the names of.it 
least three references to. Prof. Thomas R. Osborn. 
CodcliBOr, Naval Postgraduate School. Monterey. 
CA 93940. 


Applications will be considered until March S, 
1983. Applicants should provide a curriculum viuc. 
three professional references, and a statement of 
professional (research and instructional) goals. Send 
letters of application to: Professor Christopher 
N. K. Moum, Chairman. Department of Ot cartog- 
raphy, Naval Pustgraduatr School, Monterey, CA 
'J3940. Phone: (4tl8) 016-^552^553. 

An Equal OppiKiuniiy/AHirniativc Action Em- 
ployer. 

Research A siocia (e/Upper Atmospheric Phys- 
ic*. The National Research. Council (Canada) Is 
building a multi-instrument ground bused research 
facility called CANOPUS. One part of CANOPUS is 
a Data Analysis Network which will provide Interac- 
tive uccess to the CANOPUS data by scientists across 
Canada. A research asmriale posftitin exists for a 
person who would l»c associated with im piemen ting 
and operating this network. This position will allow 
Mime independent research on aspects of the 
CANOPUS data and the bolder uT the ixisftlon 
would lie encouraged to undertake such research. 

7 he patiliciti tct|uiics a IHi-H. in stou? aspect of 
ujipcr aimoipherk jihvsici 4|>rclci abfv ground 
based) ttiul extensive tumpuicr experience. Anv re- 
lated experience in ctimnntci networking. etc. ‘ 
wshiM Ik an advantage. I lie initial salary will be in 
llto range mini ,0111) m J27.H00 per year, de- 
pciuling on exjiericmc. The tip|tniiilnirn( will Ik 
initially made for turn years and toninteiucs us soon 
as pniuule. 

Send resumes and the names of three referees in: 

Profrssor I. A. Koehler 
Institute drSpact- ami Atmospheric Studies 
Uni vc nil v of Saskatchewan 
Saskatoon, Saskatchewan S7N ft\V0 
(Canada. 

Assistant Professor/University of Alberta. The 

IJeparimcni of Physics at the University of Alberta 
Inviurs appltc.tuiins for a tenure track position at the 
revel i»r an Asustunt Professor in Pbysus j t i any of 
ine lollnwmg areas: 

I. Ail runhy sics and Astronomy ; 

;• .wipfohcs 1 Elect runiHgnciif methods); 

*’• fncoretwai Physics (Medium Etwrav, P.mi- 

Apiihcatioiii will be received until Mas l. |9fl3 , 
ti! apiuiiiitincm date is July |. |9M. 

The f'cpjin.icni o) Physics .dfers botb under- 


Marine Geology 
& Geophysics 

Woods Hole Oceanographic Insti- 
tution invites applications from 
researchers active in the fields of 
marine geology and geophysics to 
fill available positions on the sci- 
entific staff of the Department of 
Geology & Geophysics. We seek 
applicants at a broad range of 
experience levels, from immediately 
postdoctoral to those with ten or 
more years* of industrial or aca- 
demic research experience. Our 
intention is to strengthen over the 
next year the department's active 
earth sciences program by making 
staff appointments in marine geol- 
ogy and geophysics. 

The Institution offers excellent facil- 
ities to carry out the full spectrum of 
practical and theoretical marine 
earth science research. A strong 
interest by candidates in conducting 
seagoing programs ia preferred and 
a capability to conceive, fund and 
carry out independent research pro- 
grams ie required. In addition to 
Geology and Geophysics, the Insti- 
tution consists of four well-estab- 
lished research departments special- 
izing in the fields of Biology, 
Chemistry, Physical Oceanography, 
and Ocean Engineering. Collabora- 
tive research with the members of 
staff of these departments ie strong- 
ly encouraged. Opportunities also 
exist for participation in the joint 
Massachusetts Institute of Tech- 
nology -Woods Hole Oceanographic 
Institution graduate level education 
program. 

Applicants should send resumes and 
names of three professional refer- 
ences to: 

Personnel Manager 
Box IMP 


^luate .fnrf ,rari ,, .v , o rfWta VtoZ 


Duc.ofe.1 Fellow, and 30 Gradu«e S n ui ““ 

Candidates interested in applying Utould submit a 
“rrwilum sitae plus the naTnV. ofihrec 5j rS 

Dv. A. N. Via mul 
Chair man 

Department uf Physics 
University of Alberta 
Lrimunton. Alberta, Canada 
_ ,, . T6G2JI 

-2a L ll ) re,5 . il > Albcna is an equal opportunity 
at"**- ,n accordance with C.’Laifon immi- * 
mtton rcqu’remcnis. pnoruy will he given toC.ana- 
a»n cmrcnsaml permanent residents of Canada. 

Unlveriillyof Kentucky/Deparunem of Geolo- 
P* The Department or Geology unites apolica- 

Stow ' Bnih ' lrack As ™ am Prufewr level 
positions. Both appointments arc for soft rork >mt 

?men.n l |n^ uu l" d,n B one of the follow ing: sed-‘ 
unulgraphv-. carbonate petrokwy, or- 
Miuc genchcnuiiry. nr isotope geology. Thciuccess- 
Wappbcanu would 1* requirefto raiicK to 
?«rh" 5 S arT . h - ^"Waduruc sHeKd 
leach graduates and undergraduates. Familiarity 
wuh quantitative techniques is desired' Denarimeni 
las access to a variety of computational devices Ac 


H /T\ Woods Hole 

I Vmi Oceanographic 

| Institution 

II Woods Hole, MA 02548 

jj“~ — An BOuaLopportunllsr smployatM/ F/H 

I5m P#I Tt!® 1 . f Me U fr-»ly/F«cul,y Po.1- 
81217"?“ 01 Geoscic "“* invites ap- 
f u r hrce ‘enure track faculty posi- P 

Jims, which are expected 10 reinaln open until filled 
by outstanding geosctcniuu in any of several^ JdE“ 
£lP!i S? 1 The faculty ran k ? associated 3, 
each positron is presently open, although salary 

IZt Xrrfr av ^ able ?' c wITudeniTor at most 

eara^tVi?vV U 2ufK^ fe ^ 0r * h,p - Sa,arics - *ri*h are 
bc . lom n'pnsur.ne with the exoeri- 
•ST - Wjtjfft^dons of the appointees. The stir. 
i£ Soiembilo t* m,Ul bCl “ r huw demnniiraicd 

smm 




THEORETICAL OR 
EXPERIMENTAL SPACE PLASMA 
PHYSICISTS 

NASA-MARSHALL SPACE FLIGHT CENTER 
Huntsville, Alabama 35812 

Two positions in theoretical or experimental space 
plasma physics are available in the Mmjnutosphoric Physics 
Branch of the Space Science Laboratory ;it NASA's Marshall 
Space Flight Center. Either theoretical or experimental 
backgrounds will be considered with n preference given to 
theoretically oriented researchers to complement the exten- 
sive experimental activities of the branch. The Magneto- 
spheric Physics Branch is involved in the analysis of low- 
energy plasma data from the ISEE, SCATHA, and Dynamics 
Explorer satellites, from sounding rockets, and from the 
Space Shuttle (STS-3). In addition, the group is presontly 
carrying out the joint development of a variety of active 
space plasma experiments that will bo flown on Spacelab 
One, Tw6, and Six. 

Salaries range from $34,930 to $41,277 per annum, 
depending on experience. 

Interested applicants may contact Dr. Charles R. 
Chappell at the Marshall Space Flight Center (205-453-3036). 
Forward resumes to the following address not later than 
March 1,1983: 

NASA-Marshall Space Flight Center 
Space Science Laboratory 
Attn: Dr. Charles R. Chappell, ES51 -R2 
Huntsville, AL 35812 

NASA 

An Equal Opportunity Employer U.S. Citizenship Required 
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Iciilfuliy itiicrc.Mnl in* Imlcr Ignmiin petrology- 
im , iatiiut|ihfi iiriiiiliiuy, nrr dtiiNiiillnn, wp | y 
W iwiinltwy, mti-rmUnm nl think whh.w ff* «?, . 

(cdhncnts, Isnlniir gnu hcltiiMi y. but other spcn£ 
tlca tire not rxihtdrd from i mult lorttl Ion- Avajjj* , 
research im Hides of the Ocikiiiiiiciii Inclmlc: .«c* . ; 
imit-inlt ronrulM!, ICP-siictlriigrrtpli. Ar-ArgjUw -i • 
nml iiulilc llclil isntoiK masi-iiirtlrnnteiry. 5cno 
curriculum vnuc, m slntcmrnl nf planned rc*c«rt»; 
and names ul nl least three references w Dr A- 
Bally, C’.huirnmu, Dcirartment t»f Geology, Rice u "' ; 
mslly, p.O. ltox IHD2. 1 louslon. Tcxti* 77891- (. 

Rice is an cqunl u|)|xiriunliy employer. 


As J 8 ™ nch Hoad o! ,h ® Geophysical 
PJw* Dynamics Branch, 
employs 15 sclsntiflc and support perl 
gnnsl. manages, aupeivtses and con- 
oucls research tor a broad Iheorallcal 
and numerical slmulailon program In 

2HoH Pha i C ’ ton08 Pherto, magneto- 
gieric phenomena o( Interest to the ■ 

Department o( Oaf anse.Reaearch em ' 

& amud . 8 M ' u,lon o' RroblsmsTir 
.nigh altitude nuclear effects (HANE), 


fummr 


32 J 5 9 d ® V0l °Pment of models 
and^Snf^ 08 ? 6 ^' . toT »08pherlc, 
9 ^ l08pher,c Phenomena. 

SSnh 8 j°! parUcutar lntar est are; 
2; Irregularities qt high equa- 

£ imri 61 m S n9tiC f!e,d raconnec- 
JonprocesBea; 2D and 3D MHD global 

auyorSHold 


and gravity wave breaking In the 
mesosphere. 

1 Qualifications: A, Bacheiorfc oi 1 
nlgher degree In physics (Ph.D. pre- 
ferred) plus at least 3 years of pro-.V- 
fesslpnal experience In or directly,- 
related to the duties desartbed above' 
with one year equivalent to GS- 14 . 

Please submit your comprehen> 
ejve resume or SF-f 71 and publlca-'l . 
tlon Hat by is March 1983 to: 
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DATA PROCESSING 

Scientific Systems Analyst 

Denver, Colorado 

S ohio’ 8 Exploration computing staff has a major challenge 
for a talented individual in Systems Design. We need to 
combine data from several data bases into a functioning 
interactive program that our Geologist and Geophysicist 
users can use to efficiently explore for oil and gas in the vast 
Rocky Mountain Area. 

Several important problems need to be analyzed and solved 
to achieve our goal of accurate maps. Challenging problems 
of data flow, plotting, and graphics display wiU test the limits 
of your abilities. 

We require a specific background that includes 4 years of 
programming in FORTRAN with extensive use of plotting 
equipment and graphics display. Work/academic experiences 
with interactive data bases and/or oil and gas applications 
would be very helpfuL A Bachelor's or advanced degree in 
Computer Science, Mathematics, Engineering, or Earth 
Sciences is a definite plus. We run VAX 11/780 bo any DEC 
experience will be positively viewed. 

In addition to being a part of a successful enterprise, you will 
qualify for a compensation package including a highly 
competitive salary and excellent employee benefits. Qualified 
individuals will have access to our transfer policy which 
offers new hires many features that other firms reserve only 
for transferring executives. Please respond by sending a 
detailed resume to H.R., Sohio Petroleum Company, R7171, 
633 17th St., Suite 2200, Denver, CO 80202. Preference will 
be given to resumes sent by individuals while those referred 
by employment agencies will be held for later review. 


SOHIO 


An equal opportunity employer M/F/H/V. 


Faculty PosUlonsTThe University of low*. The 
Department of Physics and Astronomy anticipates 
one or two openings For tenure-track assistant pro- 
mo2 rS n° r v ’ ,ll ' n 8 professor! or any rank in August 
1983. Preference will be given to experimentalist* in 
any area Tor the tenure-track positions. Current re- 
search i interests include astronomy, atomic, con- 
densed matter, elementary partirle, laser, nuclear, 
plasma, and space physics. The positions involve un- 
dergraduate and graduate teaching, guidance of re- 
search students, and personal research. Interested 
persons should send a r<5sumd and a statement of 
research interests, and have three letters of recom- 
mendation sent to SmrrA Committee, Deportment of 
rhyuti atM Astronomy, The Vnrversity of town, lotra 
Cit y. /A 52242. 

The University of town is an equal opportunity/ 
athrmauve action employer. 

Geophyslclste/Iniltiula for Geophysics, University 
oi Texts at AuatJn. Applications arc invited for 
research scientists with h Ph.D. in the ecitcml areas 
oi marine geophysics or theoretical seismology. We 
3 r ,f particularly interested In innovative individuals 
who wish to pursue a career primarily hr research 
with some (caching and graduate student rcsponsl- 
Dutues. The Institute is located in Austin ttnd oper- 
ates closely with the Department of Geological Sd- 
ences or the University, (l is a vigorous and growing 
group with interests in both lanu and marine geo- 
physics. Research facilities include a 187' ship 
equipped with ttate-of-thc-nn multichannel and 
nigh resolution seismic reflection and OBS seismic 
relracuon capabilities. 

Applicants should have a demonstrated ability to 
ao creative research. Both midcarecr and recent 
im.D.s are encouraged to apply. Applicants should 
submit resume, the names of at least three refer- 
ences and a statement of research plans and prior- 
ities to: * 

A. E. Maxwell, Director 
Institute of Geophysics 
University of Texas at Austin 
un.„ , Austin, TX 78712. 

While late applicants will be considered, we prefer 
IO «« appBuuons In hand by April 15. 1985. 

the University of Texts is an equal opportunity/ 
affirmative action employer. 


Pal 


n ft.Do P ?5l8 rad ^ aie Ro*«rch Physicist beginning 
f? *§83. The primary research area will be Inler- 
*£" ar dui1 groins, with emphasis on their forma- 
uon, mantle growth and composition, and their role 
■n molecule formation. Both laboratory simulation. • 
uiii n i lenitellar “ nt *idon« and a theoretical approach- 
on ih P uraued to exle nd an ongoing experiment 


SJJU 1 * Properties of grain mantle analogs. The Rp- 
pncani should have experience, in laboratory prac- 
ures including infrared spectroscopy, cryogenics 
and vacuum techniques mass spectroscopy, etc and 
Jr® “If* experience in computing. The research, 
group has a large body of datq on IR astronomical 


jEt, P 'IJrormation to the dust grain research. Can- 
Wn? 1 s .' 10ll jd have completed a Ph.D. in astrophyv 
inih r re a,cd ^ cld wtore the end of 1982. Salary is 


I , dm ? tiie names of 3 references, your 
“f R U P' Hanlon*, and a brief statement of re- 
toterests to Dr. B. Jones, Center .for Astro- . 
tt^ n i S P ac ! E fences. C-dll, University of 

Diego. U Jolla, CA 92093 by. FebHi- . 


Staff position aval able Jmmedlaiely 
tor PataMBQloQtol with strong com- 
puter background lor a data analysis 
prefect In an environmental sciences 
program. Some eimertence In petro- 
leum geology would be useful. The 
appointee wllr have the opportunity to 
be Involved In a general geoscience 
research program. Salary and con*- 
Sons of appointment will be common' 
surate with the quanflcatkwiB.of Ifie 
appointee. • 

Candida tea should submit a cunfour 
him vitae. Including statement ol re- . 
■ear*) Interests' and’ (he names ol 
ttvse professional references to: tyfi 
. Bernard MancwtaJ Chairman, Depart- 
ment of Erwray 4. Environment, - 
Brookhaven National Laboratory, Aa- 
soclated Universities; 'too., Upton, Ll„ 
New York t197g.eoe/mf 


I) I'll BroQkhannNfftional Laboratory ! 
(Tfl n n n AsMria'WllniwartHfaslBc. ", '■ 


Marine Geophyalclii/Texu AfcM University. 1 lie 
Dcpartniciu ol Oceanography of Texas A AM Uni- 
versity will have an opening tor a icnurc track Fanil- 
ly member in Marine Geophysics beginning Septem- 
ber 1983. Preference will oe given to candidates- 
with h strung uiiantiutive background in a wide- 
range of gcopliyslcal topics anil who have both in- 
terest ana experience in marine exploration. 

The successful applicant will be expected to teach 
undergraduate and graduate courses and to con- 
duct a vigorous research program In his or her spe- 
cially. The position is to be filled at the level of As- 
sistant Professor. A Ph-D. Is required for this posi- 
tion. Salary is negotiable depending upon 
experience and qualifications. 

Applicants should submit a vita along with a letter 
describing his/her research and leaching goals and 
names omIvc persons for reference in Professor 
R. O. Reid. Head. Department of Oceanography. 
Texas A&M University, College Station, TX 77843. 
The dosing date for applications is March 15, 1083. 

Texas AkM University Is an affirmative action/ 
equal opportunity employer. 

Marine Science* Research Center SUNY Stony 
Brook/Tenure Track Faculty Position Chemical 
Oceanography/Marlne Geochemistry. We luive an 
opening for an assistant or associate professor of 
marine chemistry, chemical oceanography, or ma- 
rine geochemistry for September 1983. Candidates 
should hold a Ph.D. in an appropriate field and 
have their major research interests in coastal marine 
environments. By l March 1983 send a complete 
resume and have at least three letters of reference 
sent directly to: Chair, Chemistry Search Commit- 
tee, Marine Sciences Research Center, SUNY Stony 
Brook, Stony Brook. NY 11794. SUNY Stony Brook 
is an etjuni opporlunity/affirmatlve action employer. 


Memphis State Unirerslty/Ficulty Position In Geo- 
physics or Gmnomhology/Remote Sensing. The 
Department of Gcolngy invites applications Tor an 
anticipated tenure track position starting September 
1983. Besides normal dcpaiimenul duties, the suc- 
cessful candidate in geophysics will be expected to 
cooperate with our active affiliate institute, the Ten- 
nessee Earthquake Information Center (TEIC). The 
department and TE1C want to augment their 
strength in solid earth geophysics with an addition 
in exploration geophysics. Preference will be given 
to gcomorphology candidates whose interests com- 
bine geomnrphology and tectonic processes. 

Applicants should submit a letter or application, 
resume amt name/address/phonc number uf three 
references to: Phili Deboo, Chairman, Department 
ofGcnbjj jr, Memphis State University, Memphis, 

Atmospheric Chemistry & Aeronomy Division 
(ACAD) and Scientific Computing Division (SOD)/ 
Ph.D, Scientist I or II. The National Center for 
Atmospheric Research in Boulder, CO is seeking a 
scientist to establish and manage the scientific re- 
search in Incoherent .Scatter Radar data base. Will 
interact with user and radar community to establish 
research project to insure appropriate scientific use 
of data base. Position requirements include Ph.D. 
degree or equivalent, research experience in aerun- 
oniy physics, electronic engineering, atmospheric 
science, or closely related field. Familiarity with the 
Incoherent Scatter Radar techniques for measuring 
the properties of the ionosphere, magnetosphere, 
and atmosphere. Demonstrated high level of skills 
in advanced FORTRAN programming, numerical 
modeling data reduction techniques, (level III) re- 
quires national scientific recognition and demon- 
strated leadership skills in ann promoting Incoher- 
ent Scatter Radar research. Tins is a term position 
subject to annual review and continued funding for 
project. Semi resume PROMPTLY to Esther Bla- 
zon. NCAR, P.O. Box 3000, Boulder, CO 80307 or 
call 303-101-5151 ext. 381 got information. 

NCAR is :in equal opporttinity/aflirmative action 

employer. 

Iowa State University of Science and Technology, 
Department of Earth Sctcnrea/Facully Position- 
a. Applications are invited for a tciiiirc-lr.uk facnl- 
l) pnsiiiuii in mineral resources. Rank is at the as- 
sistant nr associate professor level, dependent upon 
qualifications. The successful applicant will lie ex- 
pected in develop a strong research and graduate 
student program in mineral tcsoutccs/econoutic ge- 
ology and will teach undergraduate and graduate 
courses in (his subject. An applied field (irienudnn 
is preferred. 

Iowa State has established a Mining and Mincr.il 
Resources Research I list n me in order to suiqmri 
and develop research and education in miucra) re- 
sources. An inicrdc|ianmcntal graduate minor in 
Mineral Rest mrcs lias also heen established. In addi- 
tion >o the ap|>oihliueiii in the l)i.-|MMiiicm ol I-.urth 
Sciences, there will be lull oppmuinitics to interact 
with these programs. 

Completion of the Ph.D. prior in appointment is 
strongly preferred. In addition, tcv.irdi ability 
shown l>v other jMilftinttum and'ot postdoc t»t,il in 
ilidiisiii.il expet tetne will lie an .tdr.it tiage. *1 In- po- 
sition is lUrreiiilv .nailable and Is expo. led to begin 
nobter than Sepn-mln-t ItwS. K»i application in- 
furl nation, please write to: 

Ben E. Noidlir. < h.itnii.ui 

Dcp.it tinciii id Ljrih Sciences 

“J3^ Science I 

Iowa Stale Uuiscmv 

Ames. Iowa 500 1 1 

Iowa State University is an equal opportunity af- 
firmative .'iciiun employer. 

Research PuMUWWLunar and Planetary Laborato- 
ry. The Lunar and Planetary Laboratory’ at the 
University uf Arizona lias research positions open 
for Planetary Scientists, with Flaneurs Astronomy 
and Planetary Geology being areas of greatest inter- 
est to die Laboratory at this time. Researchers al (he 
Laboratory have access to the University's observa- 
tories. a wide range of astronomical instrumenta- 
tion. a complete collection of planetary images, com- 
puters and laboratory facilities. The research ranks 
in the Laboratory, namely Assistant Planetary Scien- 
tist, Associate Planetary Scientist, and Planetary Sci- 
entist parallel the tenure track ranks of Assistant, 
Associate and Full Professor. The Laboratory Is In- 
terested In making appointments at the Assistant or 
Associate Planetary Scientist level. These arc not 
tcnurable and not state-funded positions. Salary lev- 
els are commensurate with equivalent tenure-track 
ranks. Researchers in there positions will be expect- 
ed to supply a significant portion of all of their sala- 
ries through their grants and contracts. 

Applicants should submit a curriculum vita, list of 
publications, and the names of three references by’ 
April 30. 1983, to L. L. Wilkcning, Director, LunaT 
and Planetary Laboratory, University of Arizona, 
Tucson, Arizona, 85721. 

The University of Arizona i* an equal opportuni- 
ty, affirmative action employer. 

Franklin and Marshall College/Petrologlsl- We 
have a l -year position for the 1983-84 academic 
year with the possibility that the position may be ex- 
tended for I additional year. The position is full- 
tune involving up to 12 contact, houn/semestcr- 
Candldates would leach petrology ia one-semester 
combined Igneous and nietamorphic course) and ei- 
ther economic geology or a course in thglr specialty. 


nietamorphic course) and ei- 
or a course in their specialty. 


UIL I vvyiivtliiw w.www.m* ... . 

Candidates would alio teach Introductory physical 
geology once a year. Completion of Ph.D. prior to 
appointment is preferred out not essential. 

Franklin slid Marshall College has an active geol- 
ogy department which consists of 7 fuH-time staff 
members and graduates 25 majors per year. Teach- 
ing and research facilities are excellent including an 
automated XRF vacuum spectrometer. The college 
is a small (2000 students) lour year liberal arts Insti- 
tution- 

Candidates should send resume and arrange for 3 
letters of reference and transcripts to be sept to: 

Dr. 5tnnley A. Mcnzntan, Chairman 
Department of Geology^ 

Franklin and Marshall College 
P.O. Box 3003 
Lancaster, PA 17604. 

Franklin afid Marshall College Is tin equal oppor* 
lunily employer. ■ 

iSotope Geologist/Unlverilty of Wyoming. , Tlic , 
Department ol Geology/Geophysics lnvi|ea applica- 
tions for a tenure track potiuon at t)ic assistant pro- 
lessor level In isotope geology. The applicant's field- 
of specialty may be stable or radfogenir isotopes. , 
The successful Candidate will be expected to leach 
undergraduate and graduate courses and conduct 
his/her own research program. 

Current research at the Unlverslty of Vyvomlpg 
includes: crustal evolution |n the Artheon and Pro- 
terozoic', iho systematica of magma contamination: 
carbonate diogenedi; fluid-rock mteraclloji; and the 
tectonic evolution of compretiipnal and extenstonal 
orogenk belts. We hope the successful candidate , 
will complement these studies as well as develop a 
strong, independent program. Applicants. should 
submit a vita, transcripts, a letter describing future 
research Interests, and names of three references to 


AMOCO Foundation 
Ph.D, Fellowship 
Department of Geology 
University ofMtssourl- 
Columbta 

The Department of Geology Invites ap- 
plications for the Amoco Foundation 
Fellowship to support an outstanding 
Ph.D. Candidate In any subdiscipline of 
geology. This 3-year fellowship includes 
a generous stipend, waiver of tuition 
and fees, and substantial funding to 
support research. The Department of 
Geology has dynamic research pro- 
grams in sedimentology, sedimentary 
petrology, low temperature geochemis- 
try, tectonics, geophysics, paleontology, 
and igneous and metamorphlc petrolo- 
gy- 

For application materials and additional 
Information contact: 

Director of Graduate Studies 
Department of Geology 
University of Missouri’ Columbia 
Columbia, MO 65211 
The deadline for application Is 
March 1. 19S3. 


Assistant or Associate Profeasor/CSM. The Gculu- 
Ry Department ol tlic Colorado School uf Mines in- 
vites apiilicatiuns for a faculty |iiuiliuii coinmeticing 
September 1, 1983 ai Assistant or Aixori.uc Profes- 
sor uf Geology in (he specialty ol Paleontology ami 
Scilinicntist y Geology In tcocli course* at the under- 
graduate find graduate levels, direct theses and cun- 
unci rcscaiuh ill these areas. The Ph.D. degree is re- 
quired. Salitrv is ilepeiulciii iijmsii experience. 

The- deadline fur aypliiiirioiu is April 15, 11183. 
Resumes .md rcfcrvncc-s should he mailed to: Dr. 
l.J. Kinney: Head, Gcnlogv Depart men r. Golurailu 
School of Mines; Golden. Gulorsdo Hfi-101. 

Color Hiln School of Mines is an Affii i native Ac- 
tion. Equal Oppnnunilv Employer. 


Vincent C. Kelley and 
Leon T. Silver 
Graduate Fellowships 

DEPARTMENT OF GEOLOGY 
THE UNIVERSITY OF 
NEW MEXICO 


The Department of Geology of the 
University of New Mexico Invites ap- 
plications tor the Vincent C, Kelley 
and Leon T. Silver Graduate Fellow- 
ships. The fellowships will be 
awarded on the basis of the schol- 
astic record end academic promise of 
graduate applicants. Each fellowship 
will provide for a generous living sti- 
pend of Sl.OOO/month for B to 12 
months, and up to $2 l 000fyear for 
travel and research expenses. The 
Caswell Silver Foundation will pay all 
tuition and university fees. The 
awards are made on an annual basis, 
but may be renewed for up to three 
years for those Individuals In the mas- 
ters program, and up to live years for 
those Individuals completing both 
M.8. and Ph.O. degree requirements. 
A M.S. thesis may be usad as a basis 
for Ph.D. program. Preference will be 
given to; but la not restricted lo ap- 
plicants for the Ph.D. program. 

An application for admission to the 
UNM Graduate Program, transcripts, 
Graduate Record Exam results (ver- 
bal, math and geology), three letters 
ol reference and a brief statement of 
research goals are required (or con- 
sideration for the fellowships. Ap- 
plication materials may be obtained 
from:- 

Rodney G, Ewing 
Ghalrman . 

Department of Geology ' 

University of. New Mexico 
Albuquerque, New Mexico 87131 


The deadline tor appf(oaltona Is 
March 1 , 1903 for the faff semester of 1983. 


pale lor applications: is FpOruavy )W»t . . 

■ The University of Wyoming is an cqua|,opportu- 
, niiy/affi relative action employer .’ . 




